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SUPERNORMAL CIRCULATION IN RESTING 
SUBJECTS (HYPERKINEMIA) 

WITH A STUDY OF THE RELATION Or ICINEMIC ABNORMALITIES 
TO THE BASAL METABOLIC RATE 

ISAAC STARR, MD 

AND 

LEON JONAS, MD* 

PHILADELPHIA 

During the past fifteen years, estimations of basal, or resting, cardiac 
output, fit st by the ethyl iodide method and later by the ballistocardio- 
gram, have been made for about 1,400 subjects In this work we had 
both immediate and remote objectives in view The first of the latter 
was attained when we secuied 100 subjects with subnormal circulation 
and discussed the clinical significance of the abnormality x It has taken 
us three years longer to assemble data on 100 subjects with circulation 
above the normal, and a chief feature of this report is an account of 
this group 

In addition, using all our data, we have studied the relation between 
abnormalities of the amount of the resting circulation and of the basal 
metabolic rate 

By our studies important abnoimahties have been demonstrated 
m many patients who have had symptoms referable to their circulation 
without detected organic disease As these abnormalities seem funda- 
mental to an understanding of the group, cases m which they occurred 
will be given special emphasis 

METHODS 

The technics used have been reported m detail, 2 and their description 
need not be lepeated We do not regard methods for detei mining car- 

* Woodward Fellow in Physiological Chemistry 

The completion of this work was aided by a grant from the Daland Fund of the 
American Philosophical Society 

From the Research Department of Therapeutics, the William Pepper Laboratory 
of Clinical Medicine, and the Medical Division of the Hospital of the University of 
Pennsylvania 

1 Starr, I , and Jonas, L Syndrome of Subnormal Circulation in Ambulatory 
Patients, Arch Int Med 66 1095-1111 (Nov ) 1940 

(Footnotes continued on next page) 
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diac output as highly accuiate, but they aie ceitamly accurate enough 
foi the present purpose, to divide clinical patients into three groups, 
with circulation normal, above normal and below normal 

All tests were made with the subject supine and aftei a rest period 
of fifteen minutes 01 longer At fiist all estimations of caidiac output 
were performed before breakfast, in recent years they have been pei- 
formed during the morning or afternoon, two houis 01 more after a 
light meal 

Oui noi mal standards have been published 3 In their calculation 
Suter’s autopsy data on aortic size were employed as a factoi m the 
estimations of cardiac output by the ballistocardiogram The use ot 
this factoi has been criticized and strong evidence obtained that the 
aoita in living persons is larger than our estimate of it 4 To collect 
foi this enor would raise the calculated cardiac output about 20 pei 
cent But in the past our estimations of the circulation of patients ha\e 
usually been recorded as percentage derivations from the expected normal 
and we plan to continue this method The results would not be changed 
by employing the coirection suggested by Cournand and associates, as 
both noimal and abnormal values would be laised propoi tionately 

The boundanes of the normal zone are 22 pei cent fiom the mean 
The result of each method has been judged by its own standaul, and 
both will be expressed in deviation from the normal in peicentage 
Thus all patients included in this series had cn dilations which exceeded 
the expected normal foi their weight by 23 pei cent oi more 

Of oui 100 patients, the estimation was made foi 25 by the ethy 1 
iodide method and for the lemaindei by the ballistocardiogram Typical 
lecords of the lattei are shown in figuie 1 The great majority of the 
conclusions in this paper can be justified by lesults obtained by both 
methods 

When the ethyl iodide method was in use, pnoi to 1936, estimations 
of basal metabolic rate were made simultaneously with estimations of 

2 (a) Starr, I, Jr , Collins, L H, and Wood, F C Studies on the Basal 

Work and Output of the Heart in Clinical Conditions, J Clin Imestigation 
13 13-43 (Jan ) 1933 ( b ) Starr, I , Rawson, A J , Schroeder, H A , and 

Joseph, N R Studies on the Estimation of Cardiac Output m Man, and of 
Abnormalities of Cardiac Function, from the Heart’s Recoil and the Blood’s 
Impacts The Ballistocardiogram, Am J Physiol 127 1-28 (Aug ) 1939 
(c) Starr, I , and Rawson, A J The Vertical Ballistocardiograph Experi- 
ments on the Changes in the Circulation on Arising, with a Further Study of 
Ballistic Theory, ibid 134 403-425 (Sept ) 1941 

3 Starr, I , and Schroeder, H A The Ballistocardiogram II Normal 
Standards, Abnormalities Commonly Found m Diseases of Heart and Circulation 
and Their Significance, J Clin Investigation 19 437-450 (May) 1940 

4 Cournand, A , Ranges, H A , and Riley, R L Comparison of Results ol 
the Normal Ballistocardiogram and a Direct Fick Method in Measuring the Cardiac 
Output in Man, J Clin Investigation 21 287-294 (May) 1942 
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cardiac output In recent years the two tests have not been made simul- 
taneously, but always within a few days of each other. Also, the basal 
metabolic rate has not been estimated m every case Data on this rate 
are available for only 55 of the 100 patients with circulation exceeding 
the normal 

The absolute amount of cai diac output is meaningless without knowl- 
edge of the size of the subject Estimations of basal metabolic rate are 
related to the body suiface for a good physiologic reason, for heat is 
lost from the surface of the body Many authors similarly refer the car- 
diac output to body surface, although this reason does not apply with 
the same foice, for the elimination of heat is only one of many functions 
of the circulation In oui data 3 the normal subgroup is more homo- 
geneous when the caidiac output is referred to body weight, and so 
we report our lesults m terms of weight 

One must considei using ideal 5 6 * rather than actual weight One 
can argue that vanation in the weight of an}' patient depends in large 
pait on difference m the amount of fatty tissue Fat has so small a 
blood suppl} that alterations in its amount would affect the magnitude 
of the circulation veiy little, a viewpoint supported by our results in 
emaciated peisons This conception laises the question, Would not a 
better normal standard be achieved by expressing the amount of the 
cnculation in terms of ideal weight rather than of actual weight'’ If 
ideal -weight is used, our series of patients with hyperkinenna becomes 
much smaller, only 54 of the 100 having a cnculation above normal in 
terms of their ideal weight 

We see only one way to decide such a question and that is in teims 
of utility Oui proceduie has been influenced by expenence with the 
estimation of basal metabolic rate Fat also has a low metabolic requne- 
ment, but the accepted pioceduie is to estimate metabolic late m terms 
of actual, not ideal surface area, and the present standards have proved 
useful If the ideal value is used, many subjects now judged abnormal 
are found to be within the normal range This analogy, together with 
the unceitamties inherent m estimating ideal weight correctly, have 
inclined us to use actual weight until data concerning utility can deter- 
mine which is better 

As m the previous investigation, many persons other than ourselves 
have contributed to the data used, and their names have appeared m 
previous publications 8 The estimations of circulation were ahvays 

5 Davenport, C B Body Build and Its Inheritance, publication 329, Carnegie 
Institute of Washington, 1923 McLester, J S Nutrition and Diet m Health 
and Disease, Philadelphia, W B Saunders Company, 1939 

6 (a) Starr, Collins and Wood 2a (&) Starr, I , Donal, J S , Jr , Margohes, 
A , Collins, L H, and Gamble, C J Studies of the Heart and Circulation m 

Disease Estimations of Basal Cardiac Output, Metabolism, Heart Size and 

* 

(Footnote continued on nert page) 



4 


ARCHIVES OF INTERNAL MEDICINE 



Fig 1 — Ballistocardiograms (one-half actual size) of 1 normal subject and 
9 patients with hyperkinemia The time record at the top applies to all, the largest 
interval being one second In comparing these records by inspection one must 
remember that, while the size of the major deflections is related to the absolute 
amount of the cardiac output, the decision concerning normality depends on this 
output related to the patient’s weight Also, allowance must be made for the sub- 
ject’s age, for older persons, even though healthy, tend to have smaller impacts 
than their juniors 

A, record of E D , a woman aged 21, 5 feet 7 inches (1702 cm ) in height and 
weighing 140 pounds (63 5 Kg ) A normal person, she had a circulation which did 
not deviate from the normal average 

B, record showing the effect of fever The patient, R B , a man aged 40, was 
5 feet 5 inches (165 1 cm ) in height and weighed 135 pounds (61 2 Kg ) He had 
gonorrheal arthritis, his temperature being 98 4 F His circulation deviated from 
the expected normal by -f* FI per cent, the normal limits being ± 22 per cent 
C, record of the same patient after he had received an injection of killed typhoid 
bacilli His temperature was 103 2 F His circulation was -f- 79 per cent 

(Legend continued on nert page) 

Blood Pressure in Two Hundred and Thirty-Five Subjects, J Clin Investigation 
13 S61-592 (July) 1934 (c) Starr, I , Gamble, C J , Margohes, A , Donal, 

J S, Jr , Joseph, N R, and Eagle, E A Clinical Study of the Action of Ten 
Commonly Used Drugs on Cardiac Output, Work and Size On Respiration, on 
Metabolic Rate, and on the Electrocardiogram, ibid 16 799-823 (Sept) 1937 
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Explanation of Figure 1 — Continued 

D, record of E K , a boy aged 14, 5 feet 3 inches (160 cm ) in height and weigh- 
ing 91 pounds (41 3 Kg ) The systolic blood piessure was 130, and the sounds 
could be heard at zero pressure There was clinical evidence of patency of the 
ductus arteriosus Our estimate of the amount of the circulation was handicapped 
by lack of data on the aortic size in children, but the impacts were much larger than 
we have ever seen m boys of similar age and weight E, record of the same boy 
seven weeks after successful ligation of the ductus by Dr John B Flick at the 
Pennsylvania Hospital The blood pressure was 106 systolic and 65 diastolic m 
millimeters of mercury The diastolic murmur had disappeared, and the circulation 
had diminished by 24 per cent 

F, record of J D , a man aged 25, 5 feet 11 inches (180 3 cm ) in height and 
weighing 148 pounds (671 Kg) The basal metabolic rate was J- 14 per cent 
and the circulation + 57 per cent This patient, with essential hyperkinemia, is 
further described m the text (case 6) 

G, record of H W , a man of 36, 5 feet 6 inches (167 6 cm ) in height and weigh- 
ing 112 pounds (50 8 Kg) There was thyrotoxicosis with a diffuse goiter The 
basal metabolic rate was obtained with much difficulty, the patient not tolerating 
the mouth piece well Repeated attempts were made, the lowest value believed 
possible was -f- 66 per cent The circulation was + 109 per cent 

H, record of A K , a woman of 18, 5 feet 5 inches (165 1 cm ) in height, who 
came to the hospital weighing 71 pounds (32 2 Kg ) There was anorexia nervosa 
On admission she was weak The circulation did not deviate from the normal in 
relation to her weight at that time The basal metabolic rate was — 27 per cent 
After forced' feeding for three weeks she had gained 11 pounds (5 Kg) and had 
become much stronger, the record shown was taken at that time The circulation 
was + 52 per cent if related to her actual weight, but only + 4 per cent when related 
to her ideal weight, 120 pounds (54 4 Kg ) As she further improved the circulation 
returned to normal 

I, record of S P , a woman of 27, 5 feet 3 inches ( 160 cm ) in height and weigh- 
ing 101)4 pounds (45 9 Kg ) The basal metabolic rate was — 2 per cent and the 
circulation + 35 per cent This case of essential hyperkinemia is further described 
m the text (case 7) 

J, record of A T , a man aged 33, 5 feet 6 inches (167 6 cm ) in height and 
weighing 121 pounds (54 9 Kg ) Repeated estimations of the basal metabolic rate 
gave normal results , the circulation was -f 57 per cent This case is further 
described in the text (case 1) 

K, record of V D , a woman of 41, 5 feet (152 4 cm ) tall and weighing 100 
pounds (45 4 Kg ) Three months before the test the entire right lung had been 
removed by Dr Julian Johnson because of lung abscess A thoracoplasty had been 
performed two weeks before There was no fever, the pulse rate was 118 The 
circulation was calculated to be + 66 per cent, but because of the displacement of 
the heart it was probably somewhat larger 

L, record of M N, a man aged 47, 5 feet 7 inches (1701 cm ) in height and 
weighing 160 pounds (72 6 Kg) The blood pressure \vas 115 systolic and 92 
diastolic Six months before the test the entire left lung had been removed because 
of carcinoma by Dr Julian Johnson While the patient was convalescent from the 
operation the pulse rate was 125 and the form of the ballistocardiogram somewhat 
abnormal At that time thd' circulation was calculated to exceed + 80 per cent 
When the present record was taken the form had returned to normal during systole 
but an abnormal impact w r as present in diastole The circulation exceeded -f- 30 
per cent 
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supei vised by Stan, and those of basal metabolic rate have been per- 
formed since 1936 by Jonas Members of the Robinette Foundation, 
especially Drs M M Livezey, J Edeikin and W A Jeffers, made 
and intei preted the electi ocardiogi ams and orlhodiagrams which we 
have used 

Sow ce of Cases — Most subjects weie lesident patients 01 outpatients 
at the Hospital of the University of Pennsylvania, 2 were from the 
Pennsylvania Hospital Raie instances of supernormal circulation were 
found among about 400 healthy persons medical students, physicians 
and hospital technicians tested dunng vanous investigations and class 
demonsti ations 

Not all types of patients ha\e been studied Those too ill to be 
moved weie not tested We have had a limited experience with the acute 
febrile diseases, partly because out clinic contains few patients with 
such diseases and paitly because piecautions against infection made it 
moi e difficult to test them When w orking with the ethyl iodide method 
w r e distiusted the lesults in cases in which the lungs were abnoimal 
and avoided such cases In cases m which blood regurgitates through 
leaking heait valves, the ballistocaidiogiam indicates the total caidiac 
output rather than the amount which contributes to the circulation 
so we have omitted such cases from this series In extreme tachycardia 
the ballistic after- vibrations may mteifeie with the lecord of the fol- 
lowing systole When this occuned the case w r as omitted With these 
exceptions oui cases lepiescnt a fan cioss section of the population of 
the medical ward with symptoms i efei i ed to the heart or the circulation 
with the addition of certain intei estmg cases selected from the surgical 
w ards 

T enwnology — The teim “caidiac output” has always been emplojed 
to mean the output from one side of the heart With reference to the 
normal state and to most conditions of disease this term is peifectly 
satisfactory, for the blood expelled from each side of the heart equals 
the amount of the systemic and also the pulmonary circulation There- 
foie the gas methods, which measure the blood flow through the lungs, 
and the balhstocaidiogram, wdnch is chiefly influenced by movement m 
the aorta, should yield the same lesult, and both have the right to call 
their result the cardiac output 

But in certain clinical conditions this agreement does not hold 
For example, in aortic regurgitation, the left cardiac output exceeds 
the right, only the latter equals the systemic and the pulmonary circu- 
lations In patent ductus aiteriosus the situation is even more con- 
fused , the left cardiac output is larger than the l lght, but the pulmonary 
circulation is larger than the systemic, for the left cardiac output equals, 
not the systemic, but the pulmonary circulation, while it is the right 
cardiac output which equals the systemic circulation To use the term 
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“caidiac output” undei such conditions without explanation is to invite 
confusion of thought 

Therefore we prefer to emphasize the “amount of the cuculation,” 
by which we mean the systemic circulation This term permits no con- 
fusion throughout the clinical field, and it places the emphasis on the 
amount of blood available to supply the needs of the body oigans 
In a previous communication we used the term “subliminal circula- 
tion” to indicate cuculation below the lower normal limit This teim 
seemed perfectly satisfactoiy, but the corresponding term, “supernormal 
cuculation,” is more awkward, and the adjective form, as in “super- 
nonnal circulatory state,” is even worse The discovery of a more 
satisfactory term was not easy “Supei circulation” smacks unpleasantly 
of Hollywood, while “hypercuculation,” of mixed parentage, derives 
dignity only from association with its half-brother, “hypertension,” 
which has certainly made its place m the English language m spite of 
carrying a bar sinister Among the denvations from Greek loots, 
“hyperrheaemia” requires too much effort to pronounce diffeiently fiom 
the familiar, and veiy different, “hypeiemia” “Hyperkmemia,” easy 
to pronounce and with an even shorter adjective, is the best teim we 
have found, Dr J H Austin suggested it 

We propose, theiefore, to use the terms hypeikinemia and hypo- 
kinemia to indicate the corresponding abnormalities in the amount of the 
systemic circulation of lestmg subjects 

RESULTS 

Patients with Hypeikinemia Considered as a Gioup — Sex Of the 
patients, 5 7 weie males and 43 were females The small dispioportion 
is piobably due to two facts One of us (I S ) selected the patients for 
study, and m recent years his teims of service in the men’s waid have 
exceeded those in the women’s ward Also, he preferied to study the 
patients of whom he was in charge 

Age The distribution of the group is shown m figure 2 The sub- 
jects tended to be somewhat younger than those with hypokmemia, 1 
but the range spread throughout life 

Habitus There is a distinct tendency foi patients with hyperkmemia 
to be underweight The deviation from the ideal weight, a figuie calcu- 
lated from acturial data and based on the subject’s age and height, is 
given in figure 2 Only 20 of the 100 patients were over their ideal 
weight Patients from 21 to 25 pounds (from 9 to 11 Kg ) under- 
weight wei e found with the greatest fi equency 

History The histones gave no positive mfoimation which would 
enable one to suspect hyperkmemia As might have been expected 
from common experience with the increased circulation present during 
exercise or excitement, palpitation was the group’s most common symp- 
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tom, but for only 31 patients was it lecorded as abnormal Found so 
frequently in patients without increased circulation who suffer from 
hypertension or cardiac disease, and also occasionally m healthy young 
adults, this symptom is of little help in identifying the magnitude of 
the circulation 

We also studied the frequency of excessive dyspnea on exertion, 
weakness, nervousness and tremor When present these symptoms 


30- 



Age in YEARS Circulation, percentage 

DEVIATION ABOVE NORMAL 


30- 



To HO 130 T» -30 -50 To 

59 149 + 39 -51 

Pulse rate per min Deviation from the 

IDEAL WEIGHT IN LB 

Fig 2 — Frequency diagram from data on patients with hyperkinemia The 
cross-hatched areas indicate data obtained from the patients with hyperthyroidism 
in our series 


could usually be accounted for by the major disease from which the 
patient suffered, and we found no reason to consider them character- 
istic of hyperkinemia 

Physical Examination This likewise gave no conclusive evidence 
of the condition Our data on the pulse rate are given m figure 2, where 
it will be seen that there was a tendency for the rate to be high, values 
m the 90’ s being found most frequently But hyperkinemia may be 
present with either tachycardia or bradycardia 
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The pulse volume, in reality a pressure difference unrelated to 
blood flow, showed nothing characteristic 

The blood pressure was normal m the great majority of the patients 
A few m the series had true hypei tension, and a large pulse pressure 
was found in patients with arteriovenous communications and r m some 
with hyperthyroidism These were the only abnormalities found 

Special Tests Electi ocardiograms, estimations of basal metabolic 
rate and fluoroscopic examinations of the heart were made for many 
patients- Abnormalities were encountered m some patients, but they 
weie always charactei istic of the primary disease, such as advanced 
heait disease or thyrotoxicosis, so these lesults will be discussed m 
connection with the appiopnate subgroups In other patients these 


Table 1 — Cluneal Classification and Ficqucncy of Hyperkmemia 



Total Number 

Number 

Percentage 


of Patients 

with 

with 

Group 

Tested 

Hyperkmemia Hyperkmemia 

Healthy persons 

Patients with hyperthyroidism without obvious 

400 

10 

4 

cardiac involvement 

Patients with emaciation without disease of heart 

27 

24 

89 

or circulation 

Patients with abnormal intercirculatory communi 
cations 

12 

9 

75 

Patent ductus arteriosus 

7 

0 

SO 

Peripheral arteriovenous communications 

4 

1 

25 

Patients with anemia 

21 

5 

24 

Patients with febrile disease 

8 

1 

12 

Patients with hypertension . 

Patients with pulmonary conditions 

150 

6 

4 

Postpneumonectomy . . . 

5 

4 

80 

Pulmonary disease 

Patients with other conditions (miscellaneous 

12 

Approxi 

3 

25 

group) 

Patients with essential hyperkinemla 

mately 900 

7 

17 

1 


tests gave normal results, and we found nothing characteristic of hyper- 
kmemia itself 

In short, besides the knowledge that hyperkmemia is likely to occur 
in persons who are underweight and have some elevation of the resting 
pulse rate, nothing has been discovered which permits one to identify it 
from the history, the physical examination or routine laboratory tests 
The Subdivisions of Hyperkmemia — Table 1 shows our patients 
with hyperkmemia subdivided according to diagnosis It also shows 
the proportion of such patients to the total number of similar subjects 
we have examined Some comment is necessary 

Hyperkmemia is found occasionally m healthy persons Sometimes 
it was discovered in class demonstrations and was undoubtedly due to 
excitement, but in large part its observation is to be attributed to an 
accidental summation of errors In work with methods which contain 
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errors there will always be some overlapping of normal and abnoimal 
gi oups 

Almost all of our patients with hypeithyroidism without evident 
cardiac involvement had hyperkinemia, and the presence of this abnor- 
mality has been reported frequently 7 

The emaciated subgroup contained 4 young women in whom no 
organic abnormality was demonstrated by the hospital study, and their 
data are given in table 2 The othei 5 emaciated patients showing 


Table 2 — Amount of the Circulation Related to Actual Weight of 4 Young 
Women with Anoiexia Nervosa 
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hyperkinemia had lost fiom 42 to 22 pounds (19 to 10 Kg ) because 
of peptic ulcer or piolonged infectious disease 

Howevei, not all emaciated patients show hypeikinemia We have 
lecoids of 6 such patients in whom its absence could be attributed to 

7 (a) Liljestrand, G, and Stenstrom, N Clinical Studies on the Work- 
of Heart During Rest I Blood Flow and Blood Pressure in Exophthalmic 
Goiter, Acta med Scandmav 63 99-129, 1925 (b) Fullerton, C W, and 

Harrop, G A, Jr The Cardiac Output m Hyperthyroidism, Bull Johns Hopkins 
Hosp 4.6 203-216 (Feb ) 1930 (c) Boothby, W , and Rynearson, C H 

Increase m Circulation Rate Produced by Exophthalmic Goiter, Arch Int Med 
55 547-557 (April) 1935 ( d ) Lequime, J Le debit cardiaque, etudes expen- 
mentales et climques, Pans, Masson & Cie, 1940 
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advanced heart disease or hypertension But thei e were 3 other patients,. 
48, 35 and 27 pounds (22, 16 and 12 Kg ) underweight, who had normal 
cu dilation without any obvious leason Indeed, the diagnosis of hyper- 
kinemia m the piesence of emaciation is laigely a mattei of definition, 
and this fact has been discussed 

Attention was directed to the subgroup with pulmonaiy disease by 
the finding of hypeikmemia in 4 of 5 patients tested fiom two weeks 
to six months after the surgical removal of one lung These patients- 
had resting pulse rates of 125, 118, 112 and 95 The piesence of pro- 
nounced cardiac displacement would cause an error m estimating the 
circulation by ballistocardiogram, but its direction indicates that the 
cn dilation was even larger than our estimate of it 

In other patients with pulmonary disease, hyperkmemia has been, 
found infrequently Most patients with advanced diffuse pulmonaiy 
fibrosis from silicosis or infection have had normal or subnoimal cir- 
culation 

In association with hypertension, hyperkmemia has been found only 
laiely, but the 6 patients with this combination had a gieat deal m 
common One had glomerulonephritis and the other 5 essential hyperten- 
sion The highest blood pressure was 250 systolic and 137 diastolic and 
the lowest 156 systolic and 112 diastolic All but 1 had great cardiac 
enlargement, the silhouette areas ranging from -|- 118 to -j- 47 per cent 
fiom the expected normal, while the heart of the last was top normal 
in size All these patients were extremely ill and suffering f i om cardiac 
or ceiebral manifestations Three died within a month, and the remain- 
der were discharged in such poor condition that prolonged life seemed 
most unlikely Apparently hypeikmemia is found associated with hyper- 
tension only as a terminal condition, so we have no evidence that the 
inci eased circulation is a factor in the genesis of hypei tension 

When patients with abnormal mtercirculatoiy communications aie 
studied there are errors in estimating caidiac output by any method s ‘ 
The balhstocardiogi am overestimates the amount of the cnculation in 
this condition, but theoietic considerations led to the expectation that 
the eiror would be too small to account for the large abnormalities 
found m most of these patients 

Some of our patients in this subgioup weie children, and special 
difficulties affected the interpretation of lesults The lack of data on 
aoitic size in childien prevents estimation of the absolute amount of 
circulation but does not hmdei the detection of changes in individual 
patients Also, we have tested few noimal childien But the childien 
included in this study gave impacts so much laiger than healthy controls 

8 Keys, A Estimation by the Foreign Gas Method of the Net (Sjstemic) 
Cardiac Output m Conditions Where There Is Recirculation Through the Lungs,. 
Am J Physiol 134 268-280 (Sept) 1941 
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that we have not hesitated to include them among the subjects with 
hyperkmemia 

Of the 8 patients with hyperkmemia in this subgroup, in 6 there 
was patent ductus arteriosus, the diagnosis being proved at operation 
for 5 In 1 of the remainder there was a tiaumatic arteriovenous com- 
munication of the occiput , m the other, an interventricular septal defect, 
demonstrated much later at necropsy The 4 patients without hyper- 
kmemia included 1 with patent ductus arteriosus proved at an operation 
which he did not survive In 2 there was a traumatic aiteriovenous 
communication m the leg and m 1 a congenital hemangioma of the leg 
In the last 3 patients small changes in blood piessure, pulse and cir- 
culation on occlusion of the vessels of the affected leg indicated that the 
communications were small ones 

After ligation of the ductus the change m the circulation was usually 
striking The lecords of 1 patient are shown in figuie 1 In addition, 
in an adult opeiated on by Dr John B Flick, the circulation diminished 
from -f- 65 to -f- 4 per cent In 3 children opeiated on by Dr Julian 
Johnson, it diminished by 35, 24 and 10 per cent, respectively These 
results are similar to those of Eppmger, Bunvell and Gross 0 

The infrequency of hyperkmemia in association with the febrile dis- 
eases was unexpected Although an increase in the circulation aftei the 
artificial induction of fever has been demonstrated repeatedly 10 (an 
example is shown in figure 1), we found hyperkmemia in only 1 of 8 
patients tested during a febrile disease This patient had a temperature 
of 100 6 F fiom phlebitis In 7 other patients with the temperature 
between 101 and 104 F , tested during typhoid fever, lobar pneumonia, 
rheumatic fever or tuberculosis, normal circulation was found Our 
data are few, but they suggest that hyperkmemia will be found m the 
sthenic, not m the asthenic, phase of the febrile diseases Pei haps these 
findings are a demonstration of the old view which recognized a differ- 
ence between the circulation m the sthenic and the asthenic stages of 
fever and served as the basis for such practices as bleeding earl)’, but 
never late, m the course 

Also, among patients with anemia the number with hyperkmemia 
was smaller than the literature had led us to expect 11 In each of' 5 

9 Eppmger, E C , Burwell, C S , and Gross, R E The Effects of Patent 
Ductus Arteriosus on the Circulation, J Clin Investigation 20 127-144 (March) 
1941 

10 Grollman, A The Cardiac Output of Man in Health and Disease, 
Springfield, 111 , Charles C Thomas, Publisher, 1932 

11 Liljestrand, G , and Stenstrom, N Clinical Studies on the Work of the 
Heart During Rest II The Influence of Variation m the Hemoglobin Content 
in the Blood Flow, Acta med Scandmav 63 130-141, 1925 Dautrebande, L 
Le debit cardiaque dans 1’anemie, Compt rend Soc de biol 93 1029-1031 
(Oct ) 1925 Pellegrini, G Portata cardiaca e gittata pulsatona negli anemici 
e modificaziom di esse dopo transfusione di sangue, Boll d Soc med-chir , Pavia 
48 611 and 673, 1934 
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patients tested twice, the circulation diminished as the hemoglobin 
increased, a fact suggesting that acceleration of the circulation was 
compensating for the hemoglobin deficiency But when the results in 
table 3 are inspected it is evident that most anemic patients do not 
have hypeikinemia and that cnculatory compensation must be a minor 
factoi m most cases 

The miscellaneous subgioup consisted of 7 persons each suffering 
from a different disease Since excitement may cause hyperkmemia m 
any one, then cases deserve no discussion 


Table 3 — Relation of Circulation to Hemoglobin Content in Anemia 
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Diagnosis 

Purpura (capillary toxicosis) 
Biliary cirrhosis of liver 
Arteriosclerosis, hypertension, 
cirrhosis of liver 
Primary pernicious anemia 
Aplastic anemia 
Iron deficiency anemia 
Secondary anemia, ? cause 
Subacute glomerulonephritis 
Subncute glomerulonephritis 
Duodenal ulcer, hemorrhage 
Chronic anemia (unclassified) 
Primary pernicious anemia 
Duodenal ulcer, hemorrhage 
Bleeding hemorrhoids 
Duodenal ulcer, hemorrhage 
Duodenal ulcer, hemorrhage 
Primary pernicious anemia 
Primary pernicious anemia 
Idiopathic hypochromic anemia 
Idiopathichypochromic anemia 
Idiopathic microcytic anemia 
Idiopathic microcytic anemia 
Chlorosis 
Chlorosis 


The remaining subgroup, having the condition we have called essen- 
tial hyperkmemia, is especially interesting, because this finding throws 
new light on hyperkmemia We have studied 17 patients with essential 
hyperkmemia, chiefly young adults of both sexes 

Their symptoms were always mild All denied weakness, although 
several admitted that they tired easily Thirteen thought of them- 
selves as nervous Seven when questioned closely admitted dizziness 
on change of position, usually immediately after arising but often on 
bending over and sometimes when lying down This was never a major 
complaint, and only 1 patient had ever fainted, and she only once Five 
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thought they had undue dyspnea on exeition, m 6, palpitation was 
judged to be excessive Two complained of attacks of indefinite pre- 
cordial pam not related to exercise 

Examination disclosed that they were usually undei weight , none was 
ovei his ideal weight, and the average was 14 pounds (6 4 Kg ) under 
this figure The pulse late tended to be a little rapid, a\ei aging 91 
After a rest of fifteen minutes, the pulse late was still o\ei 100 in S 
subjects, but it was undei 75 in 3 The thyroid was palpable m 5 
patients Excessive tiemoi of the extended hands was noted m 6 

The blood pressuie was never elevated, averaging 124 systolic and 
75 diastolic The basal metabolic rate was always witnin noimal limits, 
averaging — 2 per cent In conti ast, the circulation averaged 35 pei cent 
over the expected normal Routine blood counts and ui mah ses 1 evealed 
nothing abnormal, and electrocaidiograms, secured m 10 cases, showed 
nothing of impoitance 

A numbei of brief case repoits will seive to acquaint leaders with 
the outstanding featuies of these cases (the records of seteial are 
shown m figure 1) 

Case 1 — A T , a man aged 33 years, was 5 feet 6 inches (167 6 cm ) tall and 
weighed 121 1 / 2 pounds (55 1 Kg) During the preceding twenty jears he had had 
repeated admissions and operations for chronic osteomyelitis of the left femur and 
the light tibia, and the wounds had continued to dram a little Nenousness was. 
first noted one year before Since then there had been palpitation on exertion and 
excitement and moie dyspnea on exertion than formerly 

Physical examination disclosed slight exophthalmos, slight diffuse thyroid 
enlargement, slight tremor of the extended hands and draining scars at the right 
knee and in the left inguinal region The pulse rate varied between 75 and 105- 
The patient was afebrile 

Every examiner agreed with the tentatne diagnosis of hyperthvroidism, but basal 
metabolic rates determined in two laboratories w ere — 9, — 9, — 19 and — 6 per 
cent The circulation w'as -f- 57 per cent and the pulse rate 96 An electiocardi- 
ogram was normal 

Case 2 — W T , a man aged 50 years, an electrician, w r as 5 feet 8 inches (172 / 
cm ) tall and weighed 126 pounds (57 2 Kg ) He complained of a tired feeling, a 
lack of appetite, constipation and dizziness on suddenly arising to his feet He had 
lost 25 pounds (11 3 Kg ) over a period of years 

Physical examination disclosed a relaxed abdominal wall and a low blood pres- 
sure, generally under 90 systolic and 65 diastolic There was no tachycardia The- 
tentative diagnosis was hyperthyroidism, but the basal metabolic rate was — 10 per 
cent The circulation was just above the upper normal limit, the pulse rate was 70 

An abdominal binder alleviated many of his symptoms 

Case 3 — C A , a man aged 29 years, a janitor, was 5 feet 7 inches (170 2 cm ) 
tall and weighed 137 pounds (62 1 Kg ) For the past year he had complained of 
nervousness, burning of the eyes, headache, loss of energy and rapid heart action 
His doctor had diagnosed thyrotoxicosis and sent him to the surgical sen ice for 
thyroidectomy 

Physical examination showed a slightly enlarged soft thyroid Tw r o estimates 
of the basal metabolic rate gave results of -j- 7 and — 7 per cent The circulation, 
was + 30 per cent and the pulse rate 110 
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Case 4 — J R, a man aged 32, a clerk, was 5 feet 7 inches (1702 cm ) tall and 
weighed 125 pounds (56 7 Kg) For the past year he had suffered from attacks 
of precordial distress accompanied by weakness, faintness, a sensation of epigastric 
fulness, belching and pain on the medial side of the left arm These attacks occurred 
after eating, not after exercise There was also epigastric “burning” relieved by ' 
food Angina pectoris had been diagnosed by the attending physician, certainly 
on insufficient grounds 

Physical examination showed nothing abnormal Gastrointestinal roentgen exam- 
ination ga\ e negative results An electrocardiogram showed a slight abnormality 
attributed to the digitalis the patient had received before admission The basal 
metabolic rate \\ as — 16 per cent, the circulation was + 30 per cent and the pulse 
rate was 59 

Case 5 — A T , a man aged 42 years, a riveter, was 6 feet (182 9 cm ) tall and 
weighed 170 pounds (77 1 Kg ) Palpitations and a cardiac irregularity had worried 
him for the past two years, and his worry increased until he was unable to sleep 
He also suffeied from Raynaud’s syndrome in his hands, probably secondary 
to lus occupation 

Physical examination revealed a look of apprehension The thyroid was diffusely 
enlarged There W'ere occasional ventricular extrasystoles The basal metabolic 
rate was — 17 and — 13 per cent The circulation was +26 per cent and the 
pulse rate 90 

A psychiatric consultant unearthed a history of insecurity caused by a quarrel 
with his boss and believed the resulting anxiety was sufficient to account for the 
svmptoms 

C\se 6 — J D , a man aged 25 years, a hospital employee, was 5 feet 11 inches 
(180 3 cm) tall and weighed 148 pounds (671 Kg) For the past year he had 
suffered from spells of dizziness, which usually, but not always, occuired when he 
stood erect Other complaints were nervousness and substernal pam not related 
to exercise All these were mild, and it was acute diarrhea which first brought 
him to the dispensary 

Physical examination showed nothing abnormal except constant fidgeting The 
basal metabolic rate was + 14 per cent The circulation w'as + 57 per cent on the 
first test and + 35 per cent two months later, the pulse rate being 90 and 74, 
respectively 

Case 7 — S P , a woman aged 27, a housewife, was 5 feet 3 inches (160 cm ) tall 
and weighed 101+2 pounds (46 Kg ) Tachycardia was always the outstanding 
feature of this case , it had been present for many years and was accompanied by few 
symptoms Neveitheless, the thyroid having been palpable, a partial thyroidectomy 
had been performed three years before, without any improvement When examined 
the patient insisted she was well and went to physicians only to allay the fears of 
her husband She acknowledged that she tired easily Palpitation was noted only 
after exercise 

Physical examination showed nothing abnormal except tachycardia, the rate 
being 104 after fifteen minutes of rest The basal metabolic rate was — 2 per cent 
and the circulation + 35 per cent 

Evidently besides the hyperkinemia, the feature common to the 
great majonty of the patients m this subgroup was a close resemblance 
of then symptoms to those of thyrotoxicosis 111 spite of a normal basal 
metabolic rate 
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COMMENT 

Any study of clinical hypeikmemia is complicated by a factor not 
present when hypokmemia is investigated Hyperkmemia may be read- 
ily induced m any subject by diugs such as epinephrine and amyl nitrite 
and then allies or by excitement Emotion is so hard to produce experi- 
mentally that the accidental demonstration of a striking emotional effect 
deseives special mention 

Case 8 — E T , a woman of 54 years, was known to have had hypertension for 
six years She also had a uterine fibroid tumor which was large enough to encroach 
on the capacity of the bladder and lead to occasional incontinence 

In a routine study of the circulation in hypertension, the first of projected 
duplicate estimations by the ethyl iodide method had been completed uneventfully 
when incontinence supervened to the great annoyance and embarrassment of the 
patient Nevertheless, she gamely continued to breathe through the apparatus while 
the operators, realizing that something had happened but ignorant of what it was, 
continued to take samples and make observations Before the accident the results 
showed nothing abnormal except the blood pressure After it, the emotional tension 
increased the cardiac output by 85 per cent, the pulse rate by 37 per cent, the volume 
of respiration by 89 per cent and the oxygen consumption by 77 per cent, while the 
blood pressure changed from 220 systolic and 120 diastolic to 260 systolic and 152 
diastolic in millimeters of mercury 

Therefore hyperkmemia may indicate an emotional state as well as 
a primary physiologic condition Only when it is found repeatedly m 
an individual patient oi m a gioup of similar patients can it be taken 
as indicating the latter The finding of it occasionally m association with 
any diseased condition is to be expected and deserves no emphasis 

The data m this paper, together with those published before , 1 permit 
certain generalizations which deserve discussion It is evident that m 
many of the instances in which it is encountered in disease, hyperkmemia 
may serve a useful purpose In hyperthyroidism and fever it meets 
the demands of increased tissue metabolism In pulmonary disease and 
anemia it aids in overcoming a handicap which threatens to deprive 
the tissues of their normal supply of oxygen In the case of abnormal 
intercirculatory communications it maintains the blood supply to the 
vital organs m spite of the tendency of the communication to diaw 
blood from them When found m advanced hypertensive cardiovascular 
disease it may represent a final attempt on the part of the body to 
maintain the blood supply of diseased organs, such as the kidneys Only 
in essential hyperkmemia is one left without any clear idea of either 
the purpose or the causation of the abnormality In this connection 
three questions present themselves 

The first question concerns the relationship of essential hyper- 
kmemia to the neuroses Are the subjects affected simply abnormally 
emotional persons who, confronted with the unusual situation inherent 
in making any test, react by the hyperkmemia of excitement ? This 
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conception does not satisfactory explain the findings In the lesident 
patients the pulse rates found at the time of our tests did not differ 
materially from those often found in the ward Also, if excitement were 
the cause of the findings one would expect that the more arduous 
estimation of basal metabolic rate would .produce enough emotion to 
increase that rate Our patients had normal basal rates So we do not 
think that emotion is the whole explanation of our findings, though we 
would be the last to deny that it might have influenced the results m 
some cases' t 

The second question concerns the relation of this type of hyper- 
kmemia to the secretion of epmephiine or of sympathm In some 
respects there are striking similanties between the clinical picture pre- 
sented by our patients and that found in any normal subject after an 
injection of epmephi me Hypeikinemia, tachycardia, tremor, appre- 
hension, palpitation and sometimes dizziness irrespective of position are 
found in both ' In several of our patients an injection J bf epinephrine 
chloride reproduced the subjective symptoms of which the^ commonly 
complained , Kessel and Hyman 12 made the same observation But the 
differences are striking also , In essential hyperkmemia theie ’i’s neithei 
hypertension nor mci eased metabolic rate, which are regularly found 
after an injection of epinephrine chloride To attribute essential hyper- 
kmemia to an increased secretion of epinephrine would be unjustified in 
the light of present knowledge 

The third question is concerned with the relation of essential hyper- 
kmemia to thryoid dysfunction In spite of the normal basal metabolic 
rate found m all the patients with essential hyperkmemia, slight enlarge- 
ment of the thyroid occurs far more frequently m such patients than 
m the general population Certainly the superficial resemblance to 
patients with thyrotoxicosis is often striking We have a point to add 
to the evidence for a relationship In several of our cases of thyrotoxi- 
cosis, after partial thyroidectomy the metabolic rate has returned to 
normal before the circulation, leaving the patient temporarily in a con- 
dition indistinguishable from essential hyperkmemia (fig 3 B) This 
observation amplifies the well known fact that after this operation the 
metabolic rate often returns to normal before the pulse rate The idea 
of multiple thyroid hormones is old, 13 and if one stimulated the circu- 
lation without stimulating the metabolic rate it would explain our find- 
ings Nevertheless, 1 of our patients with essentail hyperkmemia 
underwent partial thyroidectomy, and 3 others had roentgen therapy to 

12 Kessel, L, and Hyman, H T Studies of Graves’ Syndrome and the 
Involuntary Nervous System II The Clinical Manifestation of Disturbances of 
the Involuntary Nervous System (Autonomic Imbalance), Am J M Sc 165 
513-530 (April) 1923 

13 Crotti, A Thyroid and Thymus, Philadelphia, Lea & Febiger, 1922 
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the thyroid without any improvement One patient has been followed for 
ten years, and thyiotoxicosis has not developed Kessel and Hyman 12 
have reported similar cases If essential hyperkmemia should prove to 
be due to thyroid dysfunction, it is not the foime fruste of the oldei 
authors 13 but a dififeient type from any now known 

Even if little conclusive can be said about causation, such patients 
w ill be familial to every experienced clinician, foi theirs are the cases m 
which the histoiy, appeal ance and physical findings suggest hyperthy- 
loidism although the basal metabolic rate is found to be normal Cases 
which we believe to be similar have been studied in the army by Pea- 
body, Wearn and Tompkins, 1 * who called the condition “irritable heart 
and m civil life by Kessel and Hyman, 12 who gave it the name of 
“autonomic imbalance ” In 7 apparently similar cases, the trouble being 
called “prebasedow,” the caidiac output was demonstrated to be above 
normal by Bansi, 15 and m 2 in which the diagnosis was “parabasedow - 
ism” or sympathicotonia, Lecjuime 7d lepoited the same finding All 
these terms imply more than is known, for the ultimate cause may be 
neither in the heait nor m the thyroid, and the tiouble may be of 
humeral rather than of neivous origin The term essential hyperkmemia 
is purely descnptive, admits ignorance of the fundamental causation and 
indicates the majoi physiologic abnoimahty 

The results suggest the leason why such cases are often confused 
with cases of hypeithyioidism Hypeikinenua is common to both A 
question immediately arises, Aie not many of the manifestations of hypei- 
thyroidism so often lecogmzed at a glance by experienced clinicians 
due to the increased cn culation latliei than to any thing more immediately 
associated with the metabolic iate ? If this was true, patients with 
hyperthyroidism on showing caidiac complications would be expected 
to lose pait of the chaiactenstic manifestations We are inclined to 
believe that this often happens, foi we can think of a number of patients 
with caidiac complications whose hyperthyroidism went unrecognized 
for a long time because it occurred to no one to estimate the basal 
metabolic rate 

But we do not contend that all patients with hypeikinenua have an 
appearance which suggests the patient with hyperthyroidism Some cei - 
tamly have, and others have not, but additional factors piesent, such 
as anemia, pulmonary disease or other severe illnesses, mayr cause so 

14 Peabodv, W , Wearn, J T , and Tompkins, E H Metabolism m 
Irritable Heart, M Chn North America 2 507-515 (Sept ) 1918 

15 Bansi, H W Kreislaufstudien beim Basedow und bei der Herz-neurose, 
Ztschr f klin Med 110 633-684, 1929 
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hypothyioidism also There is excellent correlation between the circula- 
tion and the metabolic late m these cases, the coefficient is 084, any 
value over 0 28 being significant Indeed, the line of best fit passes 
almost directly through the origin, and its slope is close to unity 

The relation of the circulation to the metabolic rate finds physiologic 
expression in the arteriovenous oxygen difference This has been much 
studied in hyperthyroidism, some authors 17 finding a diminution on the 
average and others little change Our results support the latter gioup 
but it should be noted that the vanation of results in individual cases is 
large, so we aie not surprised at the divergence of the averages obtained 

In 13 of our patients the basal metabolic rate was elevated but the 
circulation was within normal limits There is collateral evidence that all 
but 3 of these patients suffered from cardiac involvement Four had 
definitely enlarged heaits as estimated by oithodiagram , m 4 others 
edema of the ankles was demonstrated on admission Another suffered 
from attacks of auricular fibrillation In still another the liver was 4 
cm below the costal margin at the time the cnculation was within normal 
limits , after several days of rest m bed the liver diminished in size and 
the circulation was then found to be above normal Of the remaining 
3 patients, 1 suffered fiorn multiple bony metastases from a carcinoma 
of the bieast in addition to the thyrotoxicosis The 2 remaining patients 
showed no positive collateial evidence of cardiac involvement, but 1 was 
extremely prostrated by her disease Another patient with hyperthy- 
roidism, severe cardiac insufficiency and normal circulation has been 
i eported on by Lequime 7d 

In figure 3 C are shown data on our 10 patients with thyrotoxicosis 
with evidence of caidiac involvement and also on a group of patients 
who had either recoveied from congestive heart failuie or shown evidence 
of severe cardiac disease ob None were in failure when the test was 
made It will be seen at once that theie was a significant correlation 
between the circulation and the metabolic rate of all these patients, the 
coefficient being 0 69, whereas any value above 0 32 is significant But 
one should note that these patients had smaller circulations in proportion 
to their metabolic rates than the patients without cardiac complications, 
whose data are shown in figure 3 A In figure 3 C the line of best fit 
passes far below the origin and the slope is only about 0 5 

These statistics lead to the following conclusions In the absence of 
cardiac disease abnormal increments or decrements of basal metabolic 
rate are accompanied, on the average, by corresponding percentage 

17 Bansi, H W , and Groscurth, G Die Kreislaufleistung beim Basedow 
und Myxodem, Ztschr f klm Med 116 583-602, 1931 Goldbloom, A Clinical 
Studies of Circulatory Adjustments, Clinical Evaluation of Cardiac Output Studies, 
Internat Clm 3 206-245 (Sept ) 1936 Footnote 7 
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changes in the circulation In the pi esence of cardiac disease the circu- 
lation is smallei than one would expect fiom the metabolic rate, and the 
deficit mci eases with each inclement of metabolic late Therefore an 
inci eased metabolic late without a corresponding increase in the circula- 
tion suggests cardiac disease Also, the data provide a reason for the 
success of the old clinical piactice of i educing the metabolic rate m cases 
of heait disease by such measuies as lest, diet and use of sedatives, for 
when this late is at a minimum the circulatory deficit is also at a mini- 
mum A somewhat similar viewpoint provided the theoretic basis for 
Blumgart’s 1S tnals of thyroidectomy in cases of cardiac disease 

In figure 3 B have been placed the data obtained for the subgroups 
w ith w hat we have called essential hyperkmemia and hypokinemia The 
foimei patients have been discussed m this and the latter m a previous 
publication 1 A comparison of figure 3 B with figure 3 C discloses that 
the circulation and the metabolic rate m patients with essential hypo- 
kinemia are identical with those of patients suffering from oiganic heart 
disease The two gioups doubtless share the symptoms dependent on 
their common abnormality, and it is not surprising that when the rela- 
tion was not understood such a term as functional heart disease was 
employed It is a poor teim because the hearts of patients with essen- 
tial hypokinemia are noimal by any test now known, and the trouble 
should be sought elsewhere in the cuculation 

In figure 3 D are given data obtained for other conditions m which 
the relation between circulation and metabolism was abnormal An 
abnormal relation has been found frequently m emaciation, the results 
suggesting that the basal metabolic late may dimmish, as it regularly 
does m starvation, 19 but the circulation may not accompany it downwaid 
We have occasionally found this abnormality after partial thyroidectomy, 
the circulation being above normal m some cases and below it in others, 
as if the operation had interfered with the normal coordination of circula- 
tion and metabolism 

SUMMARY 

In a total experience of about 1,400 estimations of cardiac output, 
100 patients were encountered m whom the resting circulation was above 

18 Blumgart, H L , Levine, S A , and Berlin, D D An Attempt to Reduce 
the Basal Metabolic Rate of Cardiacs by Subtotal Thyroidectomy, Arch Int Med 
51 867-877 (June) 1933 Blumgart, H L , Riseman, J E F , Davis, D , and 
Berlin, D D Therapeutic Effect of Total Ablation of Normal Thyroid on 
Congestive Heart Failure and Angina Pectoris Early Results in Various Types 
of Cardiovascular Disease and Coincident Pathologic States Without Clinical or 
Pathologic Evidence of Thyroid Toxicity, ibid 52 165-225 (Aug ) 1933 

19 Du Bois, E F Basal Metabolism m Health and Disease, Philadelphia, 
Lea & Febiger, 1936 
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normal, a condition we have called hyperkinemia These patients were 
usually underweight, and they tended to have resting pulse rates abote 
normal 

Hyperkinemia was encountered in almost all patients with thyiotoxi- 
cosis without cardiac involvement and in most patients with patent ductus 
arteriosus It was found often m patients with emaciation and less fre- 
quently in those with pulmonary abnoimalities, fever, anemia, hyper- 
tension and peripheral artenovenous communications 

In 17 patients, hyperkinemia was piesent without any complicating 
condition having been discovered These patients with essential hyper- 
kmemia resembled patients with thyiotoxicosis m appeal ance, but the 
basal metabolic rate was always normal The clinical characteristics of 
this subgroup have been described in detail 

The relation between abnormalities of the circulation and the basal 
metabolic rate has been studied by statistical methods In uncomplicated 
hypeithyroidism and hypothyroidism the relation is almost 1 to 1 , 1 e, 
on the average, an abnoimal increment oi decrement m the basal meta- 
bolic rate is accompanied by an equal percentage change in the cn dila- 
tion In heait disease these two functions are related, but the 
lelationship is moie nearly 1 to 0 5 Undei such conditions the cncu- 
lation is less than noimal for any given metabolic rate, and the higher 
the metabolic rate the greater is the cn dilatory deficit 

Other instances of deviation from the noimal 1 to 1 lelationship 
between circulation and metabolic rate have been found in cases of 
emaciation and m some cases of hyperthyroidism aftei partial thyioid- 
ectomy 
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As a iesult of lefinements in technic of loentgen examination ot the 
stomach and the introduction of the flexible gastroscope, chronic gasti ltis 
has received renewed attention Chronic gastritis is frequently a 
geneiahzed involvement of the stomach, but often it can be of seveie 
degiee and localized in vanous parts of the stomach While the roentgen 
appeal ance of generalized hypertrophic gastritis can often be lecogmzed, 
the localized forms are frequently difficult to differentiate from cai- 
cinoraa Even gastroscopically the differentiation between a localized 
mflammator) infiltration and one which is neoplastic cannot always be 
made 

Brunn and Pearl 1 flist called attention to the fact that a malignant 
lesion can be simulated by chronic hypertrophic gastritis Subsequently, 
Konjetzny 2 and Schmdlei 3 leported similar instances In the past 
three years we have encountered 5 cases m which the roentgen and 
gastroscopic appeal ance of localized chronic hypeitioplnc gasti ltis 
simulated carcinoma of the stomach 

The difficulties in diagnosis presented by these cases weie such that 
caicinoma could not be excluded before an exploratory laparotomy was 
done In 3 of the cases the true nature of the lesion did not become 
apparent until histologic examination of the resected specimens vas 
made 

From The University Hospitals and the Institute of Pathology, Western 
Reserve University 

1 Brunn, H , and Pearl, F Diffuse Gastric Polyposis, Adenopapillomatosis 
Gastnca, Surg , Gynec & Obst 43 559 (Nov ) 1926 

2 Konjetzny, G E Der Magenkrebs, Stuttgart, Ferdinand Enke, 1938, 
reviewed, JAMA 112 1631 (April 22) 1939 

3 Schindler, R Gastritis Simulating Tumor Formation, Am J Digest Dis 
6-523 (Oct) 1939 
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REPORT OF CASES 

Case 1 —A 30 year old white male chemist complained of persistent epigastric 
pain of three weeks’ duration The pain had no relation to food or eating He 
had no other complaints except that he had lost 20 pounds (9 Kg) m weight 
On physical examination he was undernourished and anemic, but otherwise normal 
Laboratory examination of the blood yielded the following data red cell count, 
4,730,000 , hemoglobin concentration, 45 per cent, and white cell count, 7,900 Gastric 
analysis showed a peak acidity of 8 units of free acid and 31 units of total acid 
On examination the stool was strongly positive for occult blood Clinically a 
lesion of the stomach was suspected and was thought to be a bleeding ulcer 
Roentgen examination (fig 1 a) showed an irregular deformity of the distal 
end of the body of the stomach on the side of the greater curvature The involved 
area measured about 8 cm in length and 3 5 cm in width The rugae throughout 



Fig 1 — (n) A roentgenogram showing irregular contour and polypoid defects 
in the lumen on the side of the greater curvature of the body of the stomach Note 
the normal rugae on the side of the lesser curvature (b) A photomicrograph 
(X 130) showing lymphocytic infiltration of the gastric mucosa 


this area were markedly enlarged and distorted by several circular polypoid 
defects but were normal elsewhere Peristalsis was absent m the involved portion 
A diagnosis of carcinoma of the body of the stomach on the side of the greater 
curvature was made 

Gastroscopic examination revealed a normal antrum except for pallor of the 
mucous membrane On the anterior wall 3 to 4 cm above the antrum there was 
a distinct change m the appearance of the mucosa There was a prominent, 
irregular, pale pinkish gray, nodular semicircular fold, which looked like the 
raised margin of a malignant ulcer Proximal to this fold only small islands of 
irregular pale pink and hyperemic mucosa were visible in an otherwise homogeneous 
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surface covered with gelatinous greenish gray material There was a suggestion 
of rugae extending through this region These were thickened and irregular with 
multiple superficial hemorrhagic erosions The lesion extended up to the fundus 
on the anterior wall and the greater curvature, but on the lesser curvature and 
the posterior aspect the mucosa showed only pallor and some irregularity of 
rugae An infiltrative lesion involved the upper two thirds of the anterior wall 
and the greater curvature of the corpus of the stomach The localization suggested 
that it was neoplastic, but the possibility of its being inflammatory could not be 
excluded 

At operation the stomach was found to be slightly dilated, the proximal half 
being paler than the distal portion The wall of the corpus was distinctly lobulated 
and had a definite yellow color in contrast to the pink distal portion On the sur- 
face of the body of the stomach there were numerous large dilated intercom- 
municating veins, which gave the serosa a mosaic pattern Palpation revealed 
this portion of the stomach to be thicker than the rest Exploration of the interior 
of the stomach revealed extensive redundancy and thickening of the mucosa and 
the submucosa 

Biopsy included a portion of the mucosa and the submucosa Microscopic 
examination revealed a definite increase in the number of lymphocytes and plasma 
cells and also scattered polymorphonuclear neutrophilic leukocytes throughout the 
mucosal connective tissue (fig 1 b ) A regional lymph node was also removed 
which showed moderate diffuse hyperplasia of the reticular cells These changes 
were indicative of acute and chronic gastritis and endothelial hyperplasia of the 
regional lymph node 

Case 2— A 29 year old white man had for two years often vomited at night, 
the vomitus frequently containing clots of bright red blood On an ulcer regimen 
the vomiting decreased For six months he had dull, gnawing epigastric pain 
two to three hours after meals and at night, which was frequently relieved by 
taking alkali and milk He had lost 20 pounds in weight On physical examina- 
tion he showed pallor and evidence of undernourishment There was tenderness to 
palpation around the umbilicus and in the epigastrium Laboratory examinations 
of the blood revealed a red cell count of 4,420,000, a hemoglobin concentration of 56 
per cent and a white cell count of 8,000 Gastric analysis after stimulation with 
histamine failed to reveal any free acid The total acid was 12 units On examina- 
tion the stools gave a strongly positive reaction for occult blood Clinically, an 
ulcer with bleeding was suspected, though the anacidity was a disturbing factor 

Roentgen examination (fi g 2 a) revealed irregular defects of the contour in 

the cardiac portion of the stomach These were most marked in the fundus, on the 

side of the greater curvature, there being only slight irregularity of the lesser 

S1 , Tn tl-ns region the rugae were distinctly widened The pyloric portion 
curvature in tms regiu 

was smooth in contour, and the rugae were of approximately normal width The 
appearance suggested an infiltrating type of malignant tumor 

Gastroscopic examination was unsatisfactory No contraction waves were noted 
antrum In this region the mucosa had a distinctly granular surface with 
m nv p^ pmk, red and boggy gray areas In many regions small amounts of 
adherent secretion and bright red blood were noted on the mucosal surface Several 
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small hemorrhagic erosions weie also noted The corpus could not be seen because 
a considerable amount of blood-tinged fluid obscured vision 

At operation the stomach was found to be large There were no palpable 
lymph nodes On opening the stomach it was seen that throughout its proximal 
three fourths the mucosa was hyperenuc, edematous and spongy This abnormal 
mucosa ended abruptly in the prepyloric region wheie there were normal-looking 
gastric rugae Gently wiping the abnormal mucosal surface readily produced 
bleeding 

Biopsy included mucosa and submucosa The gastric glands were normal m 
number, elongated and tortuous, and some were distinctly dilated Throughout the 
tunica propria there was an increase in the number of lymphoid and plasma cells, 
along with slight diffuse infiltration of polymorphonuclear leukocytes The sub- 
mucosa showed slight edema but no cellular infiltration (fig 2 b and c) A 
diagnosis of acute and chronic gastritis was made 



Fig 2 — (a) A roentgenogram indicating the marked widening rugae in the 
cardiac portion of the stomach, irregularities of contour mainly on the side of 
the greater curvature and normal rugae in the pyloric portion ( b ) A photomicro- 
graph (x 45) illustrating elongation, tortuosity and dilatation of the gastric glands 
(c) A photomicrograph (X 86) showing lymphocytic infiltration of the gastric 
mucosa 

Case 3 — A 50 year old white man complained of burning epigastric pain 
radiating under the sternum and anorexia of three months’ duration Food aggra- 
vated the pain, sodium bicarbonate relieved it He had occasional vomiting and 
had lost 30 pounds (14 Kg) in weight On physical examination he was under- 
nourished and had signs of mitral stenosis and insufficiency The abdomen was 
normal Laboratory examination of the blood revealed a red cell count of 4,190,000, 
a hemoglobin concentration of 90 per cent and a white cell count of 7,500 Gastric 
analysis showed peak acidity of 20 units of free acid and 33 units of total acid 
On examination the stools did not show any occult blood Clinical opinion was 
about equally divided between gastric ulcer and carcinoma 

Roentgen examination (fig 3) revealed irregular contours of the cardiac end 
and the upper half of the body of the stomach, with various-sized oval and circular 
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defects within the lumen The distal half of the stomach was normal On account 
of our experience m several previous cases we thought that the changes were due 
to polypoid gastritis, although the possibility of polypoid carcinoma could not be 
excluded 

Gastroscopic examination showed the antrum and the pyloric canal to be normal 
and to function actively A few centimeters proximal to the mcisura on the anterior 
wall and the greater curvature there was much adherent greenish gray muco- 
purulent secretion The mucosal surface was distinctly irregular because of many 
projecting rounded masses which appeared to be on the tops of large irregular 
nodular rugae These protruding islands of mucosa showed many irregular areas of 
marked hyperemia, many peteclnae and several small superficial erosions On 
the lesser curvature and the posterior wall, the rugae appeared large and irregular 
and the mucosa had a mottled yellowish and greenish gray, roughly granular 
surface on which there were a few small hyperemic areas In view of similar 
findings in a previous case the impression was that this was localized chronic 
hypertrophic gastritis 



Fig 3 — A spot roentgenogram of the cardiac end of the stomach, showing oval 
and circular defects within the lumen and irregularities of contour 

At operation the stomach was palpated and visualized up to the esophageal 
hiatus It had a normal external appearance, and there were no palpable masses 
and there was no induration There were no palpable lymph nodes in the gastro- 
hepatic omentum and no pentoneal implants The abdominal wall was closed 
without opening the stomach 

Case 4 — A 59 year old white woman had suffered attacks of indigestion for 
twenty years These consisted of gnawing discomfort in the upper portion of 
the abdomen one hour after meals which was relieved by taking sodium bicar- 
bonate dissolved in hot water For five months she had had marked anorexia 
and fulness after little intake and had occasionally vomited She had lost 30 
pounds in two years On physical examination she was emaciated and there was 
fulness in the left upper quadrant of the abdomen Laboratory examination of 
the blood revealed a red cell count of 4,280,000, a hemoglobin concentration of 
64 per cent and a white cell count of 8,100 Gastric analysis revealed a lack 
of free acid and 40 units of total acid after stimulation with histamine On 
examination the stools were positive for occult blood Clinically, a chronic peptic 
ulcer with pyloric obstruction and gastric carcinoma were considered 
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Fig 4 — (a) A roentgenogram of the funnel-shaped narrowing of the pyloric end 
of the s omach, with absence of peristaltic waves The rugae in the cardiac portion 
of the stomach are normal ( b ) A photograph showing the increased thickness and 
edema of the wall of the stomach (c) A photomicrograph (X 5 7) demonstrating 
the increased thickness of the submucosa and the separation of muscle fibers due to 
edema The locations of d and e are indicated at d' and e' (d) A photomicrograph 
(X 145) showing infiltration of the muscularis with lymphocytes, large mono- 
nuclear cells and polymorphonuclear leukocytes ( c ) A photomicrograph (X 145) 
illustrating edema and lymphocytic infiltration of the muscularis 
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Roentgen studies (fig 4 c) showed the stomach to be elongated and atonic 
and to contain more fluid than usual The pyloric end was rigid, funnel shaped 
and markedly narrowed In this region peristaltic waves were absent The 
corpus and the fundus were normal There was 30 per cent retention at the end of 
six hours On reexamination several days later, after medication with atropine, 
these findings were unchanged A diagnosis of infiltrating lesion of the pyloric end 
of the stomach, probably an annular carcinoma, was made 

At operation the pyloric end of the stomach was found to be markedly thickened, 
hard and irregular in contour over an area measuring about 8 cm in diameter There 
was no peritoneal involvement A few small gastric lymph nodes were noted on 
the side of the lesser curvature The appearance of the lesion was that of a 
malignant tumor, and a subtotal gastrectomy was done 

The portion of the stomach removed showed marked changes The mucosa 
was dull pale yellow, soft and edematous The stomach sectioned with increased 
resistance and had an unusually thick wall, averaging 16 mm (fig 4 b ) The 
submucosa was greatly thickened, pale, glistening and firm The other coats 
were moderately thickened and edematous Microscopically there were diffuse 
lymphocytic infiltration and edema of all coats The gastric glands were elon- 
gated and tortuous The submucosa was unusually thick, principally because 
of edema There was also edema of the muscularis, with actual separation of 
the muscle fibers In all coats there were also focal collections of polymorpho- 
nuclear leukocytes, plasma and large mononuclear cells (fig 4 c, d, e ) A diag- 
nosis of subacute and chronic gastntis was made 

Case 5 — A 64 year old white woman had had slight indigestion for two 
years For five months she had had fairly severe pain in the upper portion of 
the abdomen, occurring four to five hours after meals, which was relieved by taking 
food and sodium bicarbonate She had had persistent abdominal fulness and 
occasional vomiting She had not lost any weight Physical examination revealed 
nothing abnormal Laboratory examination of the blood revealed a red cell count 
of 5,030,000, a hemoglobin concentration of 71 per cent and a white cell count of 
10,200 Gastric analysis showed 39 units of free acid and 50 units of total acid 
Clinically, carcinoma of the stomach was suspected 

Roentgen examination (fig 5 a) revealed a constricting lesion of irregular 
contour throughout the prepyloric portion of the stomach The findings were 
indicative of carcinoma 

Laparotomy revealed a tumor mass in the pyloric region, which was resected 
The wall of the resected portion of the stomach was increased in thickness 
(averaging 8 mm ) and sectioned with increased resistance The submucosa was 
particularly thickened and edematous 

Microscopically there was marked chronic inflammation with diffuse lymphocytic 
infiltration of all coats The marked increase in the thickness of the submucosa 
was due m part to edema and m part to fibrosis (fig 5 b, c, d) In this specimen 
there was a lesion measuring 7 mm in diameter which was not identified on gross 
examination Microscopically it showed a small area where the mucosa was 
interrupted The architectural pattern of the glands was abnormal, and there were 
unusually large glands, which were lined with at\ pical epithelium In some portions 
the glands were also atypical in shape, and there were groups of epithelial cells 
without a glandular pattern These cells were large, variable m size and had 
bizarre hvperchromatic nuclei There were no abnormal mitotic figures and no 
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histologic evidence of invasion of the submucosa Such lesions have been called 
carcinoma m situ 4 or carcinoma of noninvasive type (fig 6 a, b, c ) 

Another finding was the presence of many large atypical cells in the submucosa 
and the muscularis These cells were large and varied m size and shape Many 
were multipolar and spindle shaped, so that they appeared to be connective tissue 
cells They had deeply chromatic nuclei and abundant pinkish blue cjtoplasm 



Fig 5 — (a) A roentgenogram demonstrating an irregularly defined constricting 
lesion in the prepyloric portion of the stomach ( b ) A photomicrograph (x6) 
illustrating lymphocytic infiltration and increased thickness of the wall of the 
stomach The locations of c and d are indicated at c' and d' (c) A photomicro- 
graph (X 136) showing marked lymphocytic infiltration of the muscularis (rf) 
A photomicrograph (x 332) demonstrating atypical mesenchymal cells m the 
submucosa 

An occasional cell contained two to four nuclei, but there were no abnormal mitotic 
figures Sections stained wath mucicarmine showed manv of the cells to contain 

4 Mallory, T B Carcinoma in Situ of the Stomach and Its Bearing on the 
Histogenesis of Malignant Ulcers, Arch Path 30 348 (July ) 1940 
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material that is usually identified as mucin It is yet to be shown that such a 
substance is found in or formed by connective tissue cells It is, therefore, impossible 
to state that these are not epithelial cells They have tentatively been considered 
to be of mesenchjmal type A diagnosis of chronic gastritis and carcinoma m situ 
was made 



Fig 6 (fl) A photomicrograph (xS) illustrating atypical glands and focal 
atrophy of the gastric mucosa The locations of b and c are indicated at b' and c' 

( b ) A photomicrograph (X 138) showing giant glands lined with high columnar 
mucm-secreting epithelium (c) A photomicrograph (Xl/8) illustrating atypical 
glands and epithelial cells without a glandular pattern in the gastric mucosa 


This patient is at present, nearly tlnee and one half years alter operation, living, 
well and completely relie\ed of gastrointestinal symptoms 
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COMMENT 

From the clinician’s standpoint these cases call attention to the 
difficulties m making a definite diagnosis to guide the management of 
the patients Inasmuch as tieatment of gastntis is primarily medical 
unless it pioduces pyloric obstruction, the importance of utilizing all 
possible means to establish a diagnosis is obvious 

It is generally admitted that the symptoms of gastritis do not follow 
any characteristic pattern In keeping with this opinion the patients 
in these cases did not have any characteristic complaint except epigastric 
pam This, howevei, varied considerably in degree, duration, radiation, 
time of occuuence and method of relief In 4 of the 5 cases the 
symptoms weie associated with considerable loss of weight The only 
significant abnormalities noted on physical examination were evidence 
of loss of weight and anemia These facts served to enhance the clinical 
impression of caicmoma 

In regai d to laboratory data the gastric analyses did not yield 
uniform results Examinations of stools revealed the presence of occult 
blood in 3 of the 4 cases in which such examination was done The 
most uniform finding was a hypochromic anemia, which was fairly 
severe in some of the cases and undoubtedly resulted from loss of blood 
It has been our observation in these and in other cases that the more 
severe gastritides usually show marked hemorrhagic manifestations on 
gastroscopic examination The loss of blood is usually gradual ovei 
a long penod It is thus understandable that none of these patients 
gave any history of melena, although in 1 case occasional vomiting of 
blood was noted Attention has, however, been directed m the literature 
to the fact that gastritis can produce gross and sometimes even fatal 
hemorrhage Nevertheless, loss of blood cannot be mterpieted as 
characteristic of chronic gastritis, because carcinoma can produce 
exactly the same picture 

From the gastroscopic standpoint in the cases m which such exami- 
nation was done the diagnosis was not definitely made because of the 
localized, though severe, natuie of a lesion which is usually more diffuse 
and because the adherent secretion masked the true nature of the 
underlying condition Since these cases were encountered, the more 
frequent use of lavage of the stomach preparatory to gastroscopic 
examination has proved helpful in arriving at a more definite impression 
in cases m which the diagnosis is questionable 

From the roentgenologist’s standpoint the cases reported emphasize 
the importance of the extreme care necessary before making a diagnosis 
of carcinoma of the stomach According to Berg, 5 gastritis is differ- 

5 Berg, H H Rontgenuntersuchungen am Innenrelief des Verdauungskanals , 
Ein Beitrag zur klmischen Rontgendiagnostik msbesondere von Entzundung, 
Geschwur und Krebs, Leipzig, Georg Thieme, 1930 
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entiated from caicmoma either by generalized distribution of widened 
rugae rearranged in a mosaic-like pattern throughout the entire stomach 
or by its less frequent localization m the pyloric end In cases of 
polypoid gastritis the defects produced may be circular in shape He 
also states that chronic gastritis produces mtralummary defects, with 
occasional roughening and a “toothed contour” of the side of the greater 
curvature but without marked changes in the contour of the whole 
stomach According to Berg, peristaltic waves usually traverse the 
involved area without interference 

From the reported cases, however, it is apparent that chronic gastritis 
if localized is not necessarily limited to the pyloric portion of the 
stomach Case 1 demonstrates that it may be situated on the side of 
the greater curvature or, as in cases 3 and 4, it may involve only the 
cardiac portion of the stomach Furthermore, chronic gastritis may 
eventually lead to a rigidity of the wall, with absence of peristaltic 
waves and to marked deformities of the contour (cases 1, 4 and 5) 
Occasionally it causes pyloric obstruction (case 4) 

If the wide and irregularly arranged linear or polypoid rugae are 
associated with defects of contour, the differentiation between gastritis 
and carcinoma may be extremely difficult, indeed impossible In such 
instances repeated examinations at short intervals may show some 
regression m the changes, favoring gastritis In order to avoid diag- 
nostic enors the roentgenologist must be conscious of these pitfalls and 
m certain instances should report the possibility of this less serious 
disease 

The pathologist often sees changes in the gastric mucosa which are 
slight In many such instances it may be difficult to decide whether 
gastritis exists This difficulty is probably m part due to the fact that 
the histologic appearance of the normal stomach of the adult is not too 
well known It certainly seems possible that a normal adult’s stomach 
is subjected to irritation by ingested coarse, hot and cold food, alcoholic 
drinks and other irritating substances It has been shown 0 that 
although alcohol may produce hyperemia of and petechiae m the gastric 
mucosa, it does not cause any true inflammation Berry 6 7 has pointed 
out that there is no evidence that significant gastritis results from the 
ingestion of alcohol provided there is an adequate intake of the vitamin 
B complex It seems probable, therefore, that minor changes in the 
gastric mucosa may result from the ingestion of irritating substances, 

6 Hirsch, E F The Gastric Mucosa and Delirium Tremens, Arch Int Med 
17 354 (March) 1916 

7 Berry, L H Chronic Alcoholic Gastritis Evaluation of the Concept, with 
Gastroscopic Studies in One Hundred Cases, JAMA 117 2233 (Dec 27) 
1941 



34 


ARCHIVES OF INTERNAL MEDICINE 


but that there is any significant inflammation is questionable Because 
such minor changes m the stomach have been interpreted as chronic 
gastritis, the accuracy of such a diagnosis has frequently been questioned 
Changes, however, in the stomach aie sometimes encountered which 
are proof of a disease of unknown causation which is progressive and 
serious In such instances the anatomic evidence of inflammation is 
indisputable The conditions in all of the cases reported in this paper 
are of this type and should be considered as chronic nonspecific 
gastritis 

Chronic gastritis may affect principally the mucosa and the sub- 
mucosa, or it may involve the entire thickness of the stomach The 
types which principally involve the mucosa are usually called either 
chronic atrophic or chronic hypertrophic gastritis In none of the cases 
described was the inflammation limited to the mucosa, m every one 
there was involvement of all coats of the stomach The mucosa was in 
all instances involved and increased rather than deci eased in thickness 
In most of them varying degrees of acute and subacute inflammation 
were superimposed on the more maiked chronic process These, there- 
fore, are all cases of chronic interstitial gastritis with hypertrophic 
mucosa 

The following principal changes weie noted 

On gross examination, the stomachs were increased m size and 
consistency, had unusually thick walls and sectioned with increased 
resistance In all, the mucosa was thick, dull and edematous, the 
submucosa was thick, edematous and in some instances gelatinous, and 
the muscularis was thick, somewhat edematous and unusually firm 
By gross examination alone it was difficult to exclude diffusely 
infiltrative lesions like those of scirrhous carcinoma, lymphoblastoma 
and syphilis 

Microscopic examination showed cellular infiltration with lympho- 
cytes, polymorphonucleai leukocytes and plasma cells, of all coats, most 
marked in the mucosa and the submucosa There were also edema and 
fibrosis of all portions, particularly of the submucosa and the muscularis 
The gastric glands weie somewhat elongated and dilated In some 
instances there was metaplasia of the glandular epithelium to the mucin- 
secretmg type 

In case 5, in addition to the gastritis, there was carcinoma limited 
to the mucosa Nomnvasive epithelial tumors in the uterus 8 and in 
the stomach 4 are reported m the literature and have been called 

8 Schiller, W Untersuchungen zur Entstehung der Geschwulste I Teil 
Collumcarcmom des Uterus, Virchows Arch f path Anat 263 2 79, 1927 Younger, 
P A Prein-vasive Carcinoma of the Cervix, Arch Path 27 804 CAnrill 1919 
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“carcinoma m situ " The lesion in this case is that of carcinoma m situ 
with local invasion of the gastric mucosa Some of the histologic 
features of this lesion are shown in the photomicrographs The lesion 
measures 8 mm m its greatest diameter, and the mucosa is decreased 
m thickness in one portion (fig 6 a) In general, there is no striking 
alteration in the glandular pattern, but there are distinct changes m the 
size of the glands and in the character of the cells which line them 
Some of the glands are unusually large (fig 6 b), and their lining cells 
have hyperchromatic nuclei and in some instances loss of nuclear 
polarity In some regions the glands are atypical m shape, and there 
are many epithelial cells in the mucosa without a distinct glandulai 
pattern (fig 6 c) Some of these cells are unusually -large , most have 
deeply chromatic nuclei, and a few are multmucleated At no point m 
any of the sections is there demonstrable invasion of the submucosa 
In this same case atypical cells are scattered throughout the submucosa, 
the musculans and the serosa These cells (fig 5 d) are relatively laige 
and contain material which takes the mucicarmme stain They have 
been tentatively identified as mesenchymal in type 

The occurrence of chronic gastritis and gastric carcinoma together 
suggests a possible relation between the two conditions At the present 
time any thought regarding the causation of cancer of the stomach is 
laigely speculative Many investigators, however, particularly Kon- 
jetzny, 2 have expressed the belief that carcinoma never develops m 
perfectly normal gastric mucosa They suggested that chronic gastritis 
is of considerable importance as a basis for carcinoma of the stomach 
It is the experience of these investigators that gastric carcinoma is 
always associated with a pronounced gastritis with eithei atrophic oi 
atrophic-hypertrophic mucosa 

It must be admitted that “carcinoma m situ” is not an outspoken 
invasive tumor, but it can be considered as a type of preinvasive 
carcinoma of the stomach The time at which invasion may begin is, 
of course, impossible to tell, and it may be a few months or many years 
The simultaneous occurrence of chronic gastritis and this nonmvasrve 
carcinoma may indicate a relation between the two There is, of course, 
a stage m the development of every large carcinoma m which there are 
only a few malignant cells in the mucosa Carcinoma m situ is thought 
to be such a lesion It might thus be the intermediate stage between 
chronic inflammation of the stomach and outspoken gastric carcinoma 

Chronic gastritis is of utmost importance because of its possible 
relation to gastric carcinoma 9 This is readily seen m studies of the 

9 Schindler, R Early Diagnosis of Cancer of the Stomach Gastroscopj 
and Gastric Biopsies, Gastrophotography, and X-Rajs, J Nat Cancer Inst 1 451 
(Feb) 1941 Konjetzny 2 
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statistics of the cure of gastnc carcinoma with piesent methods of 
diagnosis and therapy According to Pack and Livingston, 10 three yeai 
cures are obtained in 3 2 per cent, five year cures m 1 9 pei cent and 
ten year cures m 0 7 per cent of all cases of gastric carcinoma (both 
operable and mopeiable) In other words, five yeai cuies aie obtained 
m less than 2 of every 100 patients with gastnc caicmoma who entei 
a hospital, m spite of modern surgical treatment These figuies, of 
course, include many cases of far advanced carcinoma which is 
inoperable, and ceitamly when lesection of the involved poition of the 
stomach is feasible, the percentage of five yeai cures is consideiably 
greater (as high as 20 pei cent m some clinics) 

One of the reasons for the lack of success m the treatment of this 
disease is the inability to recognize early stages in spite of the modem 
methods of diagnosis, which include gastroscopic and loentgen exami- 
nations With present knowdedge it must be admitted that a diagnosis 
of carcinoma w situ even with local mucosal invasion can probably 
never be made by these methods But there must be even in the most 
malignant tumors an intermediate stage between the preinvasne oi 
early invasive lesion and the large tumoi mass which it would be possible 
to locate by gastroscopic or loentgen examination The recognition 
of such early lesions of minimum size seems at the piesent time to be 
the only possible hope fot those persons who might eventually be victims 
of gastric carcinoma 

It is an accepted fact that gastnc caicmoma is moie likely to develop 
m patients wuth chronic gastritis, particularly the atrophic type, than 
in other healthy adults It is hoped that the careful follow -up of patients 
having chronic gastritis, with frequently repeated loentgen and gastro- 
scopic examinations, may lead to the recognition of early carcinomas 
of minimum size that have not y^et invaded lymphatics and haA^e not 
caused recognizable symptoms The diagnosis and the suigical treat- 
ment of such early carcinomas would m all probability increase the 
peicentage of cures in carcinoma of the stomach 

CONCLUSIONS 

Five cases of chronic gastritis simulating caicmoma are leported 
Chronic gastritis m itself may be a serious disease In some cases 
it causes pyloric obstruction and may require surgical resection 

The symptoms, signs and roentgen and gastroscopic appearance 
and even the gross appearance of the stomach are m many instances 
like those of gastric carcinoma 

10 Pack, G T, and Livingston, E M Tieatment of Cancer and Allied 
Diseases, New York, Paul B Hoeber, Inc , 1940, vol 2 
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Chronic gastritis may be, at least in some instances, a curable pre- 
cancerous condition Carcinoma m situ may be considered as a curable 
premvasive stage of cancel 

Chronic gastritis is of importance because of its possible relation to 
gastric carcinoma Patients with this condition should be caiefully 
followed up with repeated roentgen and gastroscopic examinations to 
discover, if possible, gastric carcinoma in its early stage and thus increase 
the percentage of surgical cures of caicinoma of the stomach 

University Hospitals 
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In the first study of isolated thiamine deficienc), which Smith and 
two of us (R D W and H L M x ) made in 1939, 4 young women 
were maintained on a basal diet which provided 0 15 mg of thiamine 
per day (0075 mg pei thousand calories of the diet) for 147 days 
Vitamin A, vitamin D, ascorbic acid (vitamin C), macm (nicotinic acid), 
riboflavin, iron and calcium were provided as supplements to this 
diet The study of severe restriction of thiamine was repeated in 1940 
with 4 young women who were maintained on the same basal diet for 
88 days 2 In the later study vitamins of the B complex, other than 
thiamine, were provided by administration of 20 Gm of autoclaved 
brewers’ yeast per day This yeast after autoclaving did not contain 
any thiamine Its content of the other factors of the vitamin B complex 
was less severely affected by autoclaving Twenty grams of autoclaved 
yeast contained (by analysis) approximately 1 0 mg of riboflavin, 0 8 mg 
of pyndoxine and 0 6 mg of pantothenic acid Two additional subjects, 
serving as controls, received the same diet supplemented with thiamine 
hydrochloride, as well as with the autoclaved yeast 

The abnormalities ultimately noted in all the subjects who thus were 
severely deprived of thiamine for several weeks were depressed mental 

From the Division of Biochemistry, Mayo Foundation (Drs Mason and 
Power), and the Division of Medicine, Mayo Clinic (Dr Wilder) 

1 Williams, R D , Mason, H L, and Smith, B F Induced Vitamin Bi 
Deficiency in Human Subjects, Proc Staff Meet, Mayo Clin 14 787-793 (Dec 
13) 1939 

2 Williams, R D , Mason, H L , Wilder, R M, and Smith, B F Obser- 
vations on Induced Thiamine (Vitamin Bi) Deficiency in Man, Arch Int Med 
66 785-799 (Oct ) 1940 
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stales, paresthesias, generalized weakness, giddiness, backache, soreness 
of muscles, palpitation and precordial distress (pseudoangina) on exer- 
tion, insomnia, anoiexia, nausea, vomiting, loss of weight, atony of 
muscles, faint lieait sounds, lowered blood piessures and bradycardia 
when the subject was at rest in bed, with tachycardia and sinus 
arrhythmia on exertion In all cases, physical activity was greatly 
deci eased and capacity for work fell progressively dui mg the penod 
of restricted intake of thiamine Electrocardiographic abnoimalities 
developed, and evidence of impairment of gastrointestinal motility was 
provided by roentgenograms which were taken at intervals after ingestion 
of a barium sulfate meal Values foi concentration of bi sulfite-binding 
substances, which included pyruvic acid, and for lactic acid in the blood 
were elevated, irregularly before, but particularly after, exercise and aftei 
administration of dextrose None of these signs and symptoms was 
observed in the control subjects so long as the intake of thiamine 
exceeded 0 45 mg per thousand calories In general, severe restriction 
of thiamine was associated ultimately with states of inactivity, apathy, 
derangement of metabolic piocesses, loss of weight and prostration 
In a second study 3 the intake of thiamine was restricted less 
severely The basal diet, composed of foods commonly appearing on 
American tables, provided 0 45 mg of thiamine per day (0 22 mg per 
thousand calories) Again, the basal diet was supplemented with 
minerals, vitamin A, vitamin D, ascorbic acid and autoclaved brewers' 
yeast and, therefore, it was deficient, so far as could be judged, only in 
thiamine The study, beginning July 25, 1940 and ending June 1, 1941, 
was divided into a foreperiod during which thiamine hydrochloride was 
administered, a period of restriction of thiamine and an after-period 
during which thiamine hydrochloride was again administered, the subjects 
being maintained continuously on the basal diet Therefore, each subject 
served as her own control Eleven subjects were employed in this study 
Six of them, after a period of preliminary restriction of thiamine, received 
thiamine hydrochloride in increasing amounts for the purpose of study of 
thiamine requirements This group of 6 subjects served in some degree 
as controls for the group of 5 subjects who were depuved of thiamine 
foi periods as long as 196 days In this study moderate, prolonged 
restuction of thiamine, but not of calories, was associated with states of 
emotional instability, reflected by nritability, moodiness, quan elsomeness, 
lack of cooperation, vague feais progressing to agitation, mental depres- 
sion, variable restriction of activity and numerous somatic complaints 
Detectable metabolic disturbances, occuirmg irregularly, were of variable 
degiee of seventy and weie reflected in distui bailee of function of various 

3 Williams, R D , Mason, H L , Smith, B F, and Wilder, R M Induced 
Thiamme (Vitamin Bi) Deficiency and the Thiamine Requirement of Man Fur- 
ther Observations, Arch Int Med 39 721-738 (Mar) 1942 
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tissues of the bod> None of these signs, symptoms or metabolic defects 
were observed in the control subjects when their intakes of thiamine 
exceeded 0 5 mg per thousand calories 

Neither acute, severe deprivation nor moderate, prolonged deprivation 
of thiamine produced the classic syndrome of beriberi which has been 
observed in the Orient In severe restriction of thiamine prostration and 
inanition precluded continuation of deprivation just when neuropathy 
appeared certain of development In prolonged moderate restriction of 
thiamine general impairment of mental and physical health was the pre- 
dominant manifestation of deficiency disease Therefore, it appeared 
likely that restriction of thiamine to a degree intermediate between 0 075 
and 0 22 mg per thousand calories might induce, within a reasonable 
period, the syndiome of beriben The lecent studies of Swank and 
Bessey 4 5 of avian thiamine deficiency indicated that less severe restriction 
of thiamine or periodic administration of small doses of thiamine enabled 
pigeons to live until polyneuropathy developed Likewise, we believed 
that the procedure of “partial periodic cure” would serve to maintain a 
more satisfactory level of activity and to restore the flagging appetite of 
the subject Therefore, in a third study, reported here, a diet was con- 
structed so that it piovided 0 1 mg of thiamine per thousand calories, 
which would be increased to approximately 0 175 mg per thousand 
calories by periodic administration of small doses of thiamine hydro- 
chloride Adoption of this method of study also enabled us to determine 
peiiodically the excretion of a test dose of thiamine, which was a second 
purpose of the study 

Our earlier studies clearly indicated that the ordinary excretion of 
thiamine for twenty-four hours reflected closely the current intake of 
thiamine They also showed that excretion after subcutaneous admin- 
istration of a test dose of 1 0 mg of thiamine hydrochloride reflected 
closely the “apparent” stores of thiamine in the tissues Two of us 
(H L M and R D W ) have discussed the significance of tests of 
excretion m another paper 6 

Since 1939 we have accumulated data on the content of pyruvic acid, 
lactic acid, bisulfite-binding substances and dextrose m the blood aftei 
exercise and after administration of various carbohydrates, such as 
dextrose, lactate, pyruvate, levulose and sucrose, m normal and m 
thiamme-deficient subjects Details of the accumulated data will be pre- 
sented later Suffice it to state here that determinations of pyruvic acid, 
lactic acid and dextrose in the blood after oral or intravenous admimstra- 

4 Swank, R L , and Bessey, O A Avian Thiamine Deficiency Charac- 
teristic Symptoms and Their Pathogenesis, J Nutrition 22 77-89 (July) 1941 

5 Mason, H L , and Williams, R D The Urinary Excretion of Thiamine 
as an Index of the Nutritional Level Assessment of the Value of a Test Dose, 

J Clin Investigation 21 247-255 (March) 1942 
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tion of dextrose appeal to be the most reliable and generally applicable 
of the several test procedures which we have used for estimation of 
probable severity of the metabolic defect in states of thiamine deficiency, 
uncomplicated by other states of disease The data indicate that in states 
of thiamine deficiency the values for pyruvic acid and lactic acid m the 
blood are abnormally elevated, infrequently when the subject is m the 
basal postabsorptive state or at lest in bed, but legularly after admin- 
istration of dextrose 

We have selected the following procedures for the tests, which are 
performed with the subject m the basal state For the intravenous test 
0 4 Gm of dextrose (0 8 cc of SO per cent solution of dextrose) per 
kilogram of body weight is injected intravenously m three minutes 
Samples of blood for anafysis of content of pyruvic acid, 6 lactic acid 7 
and dextrose are taken just before injection and at thirty, sixty and one 
hundred and twenty minutes after injection The value for pyruvic acid 
and for lactic acid at thirty minutes is most significant This intravenous 
test is made when nausea prevents administration by mouth Otherwise 
an oral test is used For the oral test, 50 Gm of dextrose in 250 cc of 
solution is administered and thirty minutes later another 50 Gm of 
dextrose is given, as in a dextrose tolerance test as performed by Exton 
and Rose 8 Samples of blood for analysis are taken just before adnun- 
lstiation of the fiist dose of dextiose and at thirty, sixty and ninety 
minutes aftei administration of the first dose The values for pyruvic 
acid, lactic acid and dextrose obtained at sixty and ninety minutes are 
most significant An earlier detection of the state of thiamine deficiency 
is possible with this largei “metabolic load” test of 100 Gm of dextrose 
Division of the total dose of dextrose has i educed the incidence of 
emesis, a frequent complication of the test m thiamine deficiency In gen- 
eral, the higher values for pyruvic acid have been encountered m the more 
severe states of thiamine deficiency The general nature of the accumu- 
lated data of the dextrose tolerance tests is indicated m figures 1 and 2 
and in table 1 

The “metabolic load” test is not a specific test for thiamine deficiency, 
and unless it is performed with the subject m the basal state, results of 
the test cannot be mterpieted with any degree of precision For example, 
we found that admimstiation of dextrose to a person suffering from 
“total” diabetes was not associated with a rise of pyiuvic acid m the blood 

6 Beudmg, E , and Wortis, H The Stabilization and Determination of 
Pyruvic Acid in the Blood, J Biol Chem 133 585-591 (April) 1940 

7 Barker, S B , and Summerson, W H The Colorimetric Determination 
of Lactic Acid m Biological Materials, J Biol Chem 138 535-554 (April) 1941 

8 Exton, W G, and Rose, A R Diabetes as a Life Insurance Selection 
Problem, Proc A Life Insur M Dir America (1931) 18 252-273 Matthews, 
M W , Magatli, T B , and Bcrkson, J The One Hour-Two Dose Dextrose 
Tolerance Test (Exton-Rose Procedure) Diagnostic Significance, J A M A 
113 1531-1537 (Oct 21) 1939 
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unless insulin had been administered previously Administration of 
dextrose to a subject who had “alimentary glycosuria” was associated 
with abnormally high values for pyruvic acid Administration of dextrose 
to subjects who had states of hypermetabolism, induced by administra- 
tion of desiccated thyroid, was associated with abnormal elevations of 
pyruvic acid m the blood Presumably m the case of diabetes mellitus 
either the rates of removal of pyruvic acid and lactic acid were increased 
or their rates of formation considerably decreased at the blood sugar 
levels studied (200 to 600 mg per bundled cubic centimeters of blood) 
In the cases of induced hypermetabolism the values for dextrose m the 
blood did not reach abnormal heights, and therefore, the high values for 
pyruvic acid were caused by either unusual rapidity of mobilization of 



Fig 1 — The range of values for pyruvic acid, lactic acid and dextrose in the 
blood after intravenous administration of dextrose (0 4 Gm of dextrose per kilo- 
gram of body weight in three minutes) Data for “normal” weie obtained in 
studies on 12 physically normal subjects who were known to have been well 
supplied with thiamine and otherwise received the same nutrients as the thiamine- 
deficient subjects Data for “thiamine deficiency” were obtained in studies on 7 
subjects who had been maintained for periods of various duration on standard 
diets which pro\ ided either 0 1 or 0 2 mg of thiamine per thousand calories and 
who, therefore, were known to be in states of thiamine deficiency 

intermediary metabolites or abnormally slow rates of utilization of the 
metabolites 

METHODS 

The subjects for this, as for our previous investigations of thiamine restriction, 
were chosen from among inmates of a large hospital for psychopathic persons 
They had “recovered” from acute phases of mental illness and were able to exercise 
an informed decision in volunteering for this service The consent of nearest of 
km and of guardians was also obtained In the present study a group of several 
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women received an ample diet for a period of 52 days, whereby a good nutritional 
status could be assured During this time they became familiar with ward routines 
and analytic procedures and were observed closely After this period of pre- 
liminary observation 2 of the group were selected for the study reported here 
The final selection was made on the basis of willingness and ability to cooperate, 
absence of evidence of abnormal nutrition and absence of significant physical or 
emotional abnormality The subjects, under close observation, continued to be 
engaged in activities of the ward, such as housekeeping and laundering 

The basal diet was arranged to provide not more than 0 1 mg of thiamine 
for each 1,000 calories The variety of foods necessarily was limited They were 
white flour, sugar, tapioca, corn starch, polished rice, raisins, egg white, cottage 
cheese, American cream cheese, butter, hydrogenated fat, tea and cocoa Samples 



a— * Minimum — — Minimum 

Fig 2 — The range of values for pyruvic acid, lactic acid and dextrose m the 
blood after oral administration of dextrose (50 Gm dextrose in 250 cc of solu- 
tion at zero time and 50 Gm at thirty minutes) Data for “normal” were 
obtained in studies on 11 physically normal subjects who were known to have 
been well supplied with thiamine and otherwise received the same nutrients as 
the thiamine-deficient subjects Data for “thiamine deficiency” were obtained m 
studies on 10 subjects who had been maintained for periods of various duration 
on standard diets which provided either 01 or 0 2 mg of thiamine per thousand 
calories Thus, these subjects were known to be in states of thiamine deficiency 


of the individual foods, as well as samples of the composite diet, w'ere analyzed 
for their content of thiamine The analysis for thiamine was made by the method 
of Hennessy 0 The basal diet contained approximately 250 Gm of carbohydrate, 

9 Hennessj, D J Chemical Methods for the Determination of Vitamin Bi 
Indust & Engin Chem (Analyt Ed) 13 216-21S (April 15) 1941 





Table 1 — Concent) atton of Pyiuvtc Acid , Lactic Acid and Dextiose in the Blood After Intravenous Admimsti ation 
of Dextrose at Intervals During Development of Thiamine Deficiency 
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, minimal state of thiamine deficiency, 2, moderately advanced state, 3, far advanced state, and 4, anatomic defect 
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60 Gm of protein and 90 Gm of fat The caloric intake was adjusted to the 
requirement of each subject by giving fractions or multiples of the standard diet 
By this procedure the ratio of thiamine to calories was maintained nearly con- 
stant The diet was supplemented with 0 2 Gm of halibut liver oil fortified with 
irradiated ergosterol (0 2 Gm of which provided 10,000 international units of 
vitamin A and 4,000 international units of vitamin D), 120 mg of ascorbic acid, 
1 0 mg of riboflavin, 2 0 mg of pyridoxine, 5 0 mg of calcium pantothenate, 
20 0 mg of nicotinic acid amide, 0 25 Gm of choline chloride, 0 2 Gm of inositol, 
0 2 Gm of ferrous sulfate and 0 6 Gm of tricalcium phosphate 10 Iodized table 
salt (sodium chloride) was used in the preparation of the diet 

Excretion of thiamine for twenty-four hours was determined once each week, 
and excretion of the test dose of 1 0 mg of thiamine hydrochloride administered 
subcutaneously was determined approximately every two weeks The test dose 
was administered to the subject m the postabsorptive state, and urine was col- 
lected for four hours after the injection As has been stated, this periodic admin- 
istration of the test dose raised the average intake of thiamine to approximately 
0 175 mg per thousand calories Content of pyruvic acid, lactic acid and dex- 
trose m the blood after intravenous administration of dextrose, as previously 
described , body weight , physical and neurologic signs , electrocardiographic 
changes, motility of the gastrointestinal tract as estimated by roentgen examina- 
tion , blood counts , serum protein and basal metabolic rates had been determined 
during the period of preliminary observation They were determined at intervals 
during the period of deprivation of thiamine and again during the period in which 
the basal diet, deficient in thiamine, was supplemented with thiamine hydro- 
chloride Needless to say, the carrying out of observations of this nature entailed 
unusual cooperation of nursing and dietary assistants This work was made 
possible by the assistance of Miss Margaret Pewters, Miss Phyllis Newman, 
Mrs H H Pattmson, Miss Fern Dahlgren and Miss Jane Spence 

OBSERVATIONS ON SUBJECTS WHILE THEY WERE RECEIVING 
THE DIET DEFICIENT IN THIAMINE 

The period of restriction of thiamine began Sept 23, 1941 and ended 
Jan 20, 1942 (120 days) Depnvation of thiamine was discontinued 
because in case 1 a severe neurologic defect had developed and in case 2 
less severe, but nevertheless definite, signs of neurologic defects had 
appealed The appetites of both subjects had failed, and inanition seemed 
imminent 

The intake and excretion of thiamine, the intake of food and data 
on values for pyiuvic acid after mtiavenous administration of dextrose 
are presented in figures 3 and 4 Data on exaction of thiamine after 
injection of a test dose of thiamine hydi ochloride (an index of the 
depletion of tissue stores of thiamine), values for pyruvic acid and lactic 
acid after admmistiation of dextrose (a suggestive index of severity ot 
biochemical defect), the activity of the patellar and the achilles tendon 
reflexes and ability of the subject to rise from the squatting position 
(suggestive indexes of neurologic damage) are summarized in tables 

10 Dr D F Robertson, Associate Medical Director, Merck and Company, Inc , 
Rahway, N J , supplied us with thiamine hydrochloride, riboflavin, pyridoxine 
calcium pentothenate and choline chloride 
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2 and 3 The clinical courses of the 2 subjects during the development 
of thiamine deficiency are piesented in greater detail later m the leports 
of progress of subjects Details of the responses of the patients to treat- 
ment with thiamine hydrochloride will be presented m anothei article 
It suffices to state here that administration of 60 to 80 mg of thiamine 
hydrochloride both orally and parenterally corrected, in part, the gross 
biochemical defect within a week Appetite, strength (in the absence of 
paralysis) and feeling tone had improved greatly by the seventh day and 
had returned to the norm for the subject within thirty days However, the 
more severe neurologic defects in case 1 were not fully corrected by mten- 
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Fig 3 (case 1) — Intake and excretion of tlnamme , excretion of a test dose 
of thiamine (10 mg thiamine hydrochloride was injected subcutaneously, the 
excretion in four hours after injection was determined, the subject was fasting), 
and data on pyruvic acid in the whole blood (not plasma as indicated in the figure) 
after intravenous administration of dextrose The data for the top row of figures 
are taken from table 1 

sive treatment with thiamine hydrochloride for 120 days, although move- 
ments of extension, flexion, abduction and adduction of the thighs and 
legs had become progressively stronger The achilles tendon and the 
patellar reflexes in case 1 remained absent after 121 days of treatment 
The less advanced neurologic defects m case 2 were corrected by inten- 
sive treatment (15 mg of thiamine hydrochloride per day) for 60 days 10n 

10a The subject of case 1 was reported Dec IS, 1942 to have recovered normal 
strength m the muscles previously affected 
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REPORTS Or PROGRESS OF SUBJECTS 

Case 1 — The subject was an active, vigorous and industrious woman aged 36, 
168 cm tall and weighing 56 5 Kg She had been engaged for several months 
in laundering Her cooperation in the matter of eating and, so far as her strength 
would permit, m working was entirely satisfactory The clinical course of this 
subject was not complicated by mtercurrent infections Body temperatures were 
not observed to be abnormal at any time 

Observations at 30 Days — Anorexia had developed The subject was weak 
and thereafter voluntarily restricted the duration and vigor of her activities 
Observations at 50 Days — The subject complained of nausea and epigastric 
distress and vomited occasionally after meals The values for pyruvic acid in the 
blood after administration of dextrose w'ere abnormally high 
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Fig 4 (case 2) — Intake and excretion of thiamine, excretion of a test dose 
of thiamine (10 mg of thiamine hydrochloride was injected subcutaneously, the 
excretion in four hours after injection was determined, the subject was fasting), 
and data on pyruvic acid m the whole blood (not plasma as indicated in the figure) 
after intravenous administration of dextrose The data for the top row of figures 
are taken from table 1 

/ 

Observations at 70 Days — Nausea was constantly present, weakness was 
severe The subject limited her activities to assisting with the lighter duties of 
the ward and frequently did not complete the tasks She was apathetic and 
confused and at times made complaints of numbness and tingling (paresthesia) 
of the medial surfaces of the legs from the knees to the ankles 

Observations at 90 Days — Spontaneous exertions had almost ceased, interest 
in reading was conspicuously absent Interpretation of the stimulus of a wisp of 
cotton and of a pinprick applied to areas on the medial surfaces of the legs was 
inaccurate Muscles of the calves of the legs were tender and ability to rise 
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from the squatting position was definitely impaired The patellar reflexes were 
slightly hyperactive, the aclnlles tendon lefiexes were hypoactive 

Observations at 110 Days — The appetite had failed, apathy, vagueness and 
confusion were conspicuous The blood pressure was 100 mm of mercury systolic 
and 65 mm diastolic, the cardiac rate was vaiiable but usually slow (55 to 65 
beats per minute) during rest in bed and rapid (90 to 120 beats per minute) on 
ordinary exertions The heart sounds were faint Application of a wisp of cotton 

Table 2 — Development of Biochemical Defect of Thiamine Deficiency in Subject 1 * 
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8 

39 

3 19 
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Svmptoms or Signs Which 
Were Persistent 


None 


None 

Anorexia, weakness 
Nausea, weakness, epigastric 
pain 

Nnusea, ■weakness, sensation 
of numbness below knees 
Weakness, giddiness, occa 
sional emesis sensation of 
numbness below knees 
Frequent emesis, extreme 
•weakness, apathy, frequent 
stumbling, sense of touch 
and vibration impaired 
below knees 

Loss of ■weight, mental con 
fusion, prostration, sense of 
touch and vibration im 
pnired at knees and ankles, 
pnraljsi= of quadriceps 
femoris 


Period of Intensive Treatment with Thiamine Hydrochloride } 


10 1 48 11 0 —4 —4 —4 Return of appetite no fur 

thor loss of weight less 
mental confusion, paralysis 
of quadriceps femoris 

00 135 13 0 —4 — 4 — 4 Good appetite gain in weight 

less mental confusion 
return of interest, paralysis 
persistent 


* A woman aged 3G, 1(>S cm tall, weighing 50 5 I\g 
t 0, normal, and — 4, absent 

1 Moro than 60 mg of thiamine hydrochloride per day 


and pinprick to the medial surfaces of the legs evoked delayed and inaccurate 
responses The vibratory sense at the knees and ankles was impaired but not 
absent Although a defect of the sense of active or passive position of the knee 
and ankle joints could not be demonstrated with any degree of certainty, the 
subject walked with little flexion of the knees and frequently stumbled She could 
rise from the squatting position only with some assistance but could stand on 
her heels and toes and on one foot Up to the one hundred and tenth day there 
had been a slight gam of weight (3 8 Kg), but during the ensuing 10 days a 
loss of weight (2 7 Kg) occurred 



WILLIAMS ET AL— INDUCED THIAMINE DEFICIENCY 49 


Observations at 120 Days — The data of several examiners 11 indicated that 
acuity of perception of touch, pain and two points was impaired, with response 
delayed, over the medial surface of the thighs and especially the legs, but that 
appreciation of differences of temperature was not impaired over the same area or 
elsewhere Sense of vibration was impaired at the ankles but not at the knees 
Sense of position of the joints of the toes and legs was not impaired Movements 
of abduction, adduction and flexion of the thighs and legs were weak Extension 
of the legs, involving chiefly the quadriceps femons muscles, was barely per- 


Table 3 — Development of Biochemical Defect of Tlnaimne Deficiency m Subject 2 * 
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Symptoms or Signs W hich 
Were Persistent 


None 


None 

Anorexia, weakness 
Nausea, epigastric pam, con 
stipation, weakness 
Nausea, weakness, apathj 
inactivity 

Nausea, occasional emesis, 
inactivity, mental confusion 
Aversion to food, giddiness, 
weakness, inactivity, pros 
tration, slight impairment 
of sense of touch and 
vibration 

Frequent emesis loss of 
weight, prostration, slight 
impairment of sense of 
touch and vibration at 
knee annd ankle 


10 


GO 


Period of Intensive Treatment with Thiamine Hydrochloride} 


1 61 

85 

—2 

—3 

—2 Improved appetite, no fur 
ther loss of weight, in 
creased strength, greater 
activity 

118 

78 

0 

0 

0 Good appetite, gain of 

weight, return of interest, 
participation in housework 


* A woman aged 48, 101 cm tall, weighing 55 Kg 
f 0, normal, and —4, absent 

} More than 15 mg of thiamine hydrochloride per day 


ceptible The subject could neither stand nor walk without support The patellar 
and the achilles tendon reflexes were absent, clonus could not be elicited at the 
knees or ankles , a Babinski reflex was not elicited 

The initial pressure of the cerebrospinal fluid was 80 mm of water The 
pressure rose promptly when the jugular veins were compressed and fell promptly 
when pressure on the veins was relaxed The Kolmer and the Kline reaction 
of the fluid was negative, the Nonne-Apelt reaction was negative, the colloidal 
gold (Lange) reaction was interpreted as 000 000 000 0, and there -was 1 small 
lymphocyte per cubic millimeter of fluid There were, per hundred cubic centi- 

11 Dr H W Woltman and Dr J R Campbell made a neurologic examina- 
tion at this date 
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meters of fluid, 20 mg of protein, 63 mg of sugar, 710 mg of chloride and 
1 26 mg of pyruvic acid 

Case 2 — The subject was an inactive woman aged 48, 161 cm tall and 
weighing 55 Kg In contrast to the subject in case 1 she was neither vigorous 
nor industrious Although sedentary in her habits, she assisted with the lighter 
tasks of housework Her cooperation in eating and m working, after the first 
few weeks of deprivation, was poor Weakness and anorexia were experienced 
at about the thirtieth day, and thereafter it required considerable persuasion to 
maintain caloric intake and activity at satisfactory levels 

Observations at 50 Days — The concentration of pyruvic acid in the blood after 
injection of dextrose was abnormally high Complaints of anorexia were con- 
tinuous, emesis was observed occasionally 

Observations at 70 Days — The values for pyruvic acid after injection of dex- 
trose had become considerably higher, and emesis after meals had become a more 
frequent occurrence Complaints were of nausea, epigastric pain, constipation, 
weakness and giddiness 

Observations at 90 Days — Apathy, mental confusion and inactivity had become 
more conspicuous There was some tenderness of the muscles of the calves, but 
the subject could rise from the squatting position without assistance 

Observations at 110 Days — Severe nausea with frequent emesis after meals 
associated with epigastric pain and a high degree of generalized muscular weak- 
ness was observed The blood pressure was 95 to 105 mm of mercury systolic 
and 60 to 72 mm diastolic The cardiac rate at times of rest m bed was slow 
(50 to 70 beats per minute), changing after moderate exertion to 100 to 120 beats 
per minute Complaints were made of numbness and tingling of the antero- 
medial surfaces of the thighs and legs Interpretations of stimuli, such as a wisp 
of cotton, pinprick and warm and cool tubes, were essentially accurate, although 
responses to stimuli were delayed considerably Impairment of the sense of vibra- 
tion and of the sense of position could not be demonstrated The subject could 
stand on her heels and toes and on one foot, but rising from the squatting posi- 
tion was accomplished only with some assistance The achilles tendon and the 
patellar reflexes were somewhat hyperactive but clonus could not be elicited at 
the ankle or knee A Babmski sign was not elicited 

Deprivation of thiamine up to the one hundred and tenth day had been asso- 
ciated with a slight gam of weight (2 3 Kg), but in the ensuing 10 days, the 
appetite failed and there was a loss of 2 7 Kg There was a rapid progression 
of the apathy and weakness Emesis became frequent and severe 

Observations at 120 Days — The blood pressure was 90 to 98 mm of mercury 
systolic and 50 to 60 mm diastolic, the cardiac rate at rest in bed was slow 
(58 to 68 beats per minute) , there was marked sinus arrhythmia, and pallor and 
giddiness were observed with changes from the recumbent to the erect position 
The subject walked with little flexion of her knees and occasionally stumbled 
Inattention on her part made for difficulty in interpretation of the data of the 
sensory examination The responses to the stimulus of a wisp of cotton and of 
a pinprick, applied below the knees, were always delayed, uncertain and frequently 
inaccurate A defect of the sense of position of the legs and toes could not be 
elicited, the sense of vibration was impaired but not absent at the ankles Stand- 
ing on heels and toes and on one foot was done with much swaying Rising 
from the squatting position could be accomplished only with assistance The 
patellar tendon reflexes were hypoactive but could be obtained with Jendrassik 
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reenforcement, the achilles tendon reflexes were absent A Babinski reflex was 
not to be elicited 

The pressure of the cerebrospinal fluid was 140 mm of water The pressure 
rose promptly when the jugular veins were compressed and fell promptly when 
the pressure on the veins was relaxed The Kolmer and the Kline reaction was 
negative, the Nonne-Apelt reaction was negative, and the colloidal gold (Lange) 
reaction was read 011 100 000 0 The cerebrospinal fluid contained, per hundred 
cubic centimeters, 35 mg of protein, 56 mg of sugar, 749 mg of chlondes and 
1 25 mg of pyruvic acid 

COMMENT 

Evidence of deprivation of thiamine was first manifested in these 2 
subjects by low levels of thiamine excreted in the urine Evidence of 
some degiee of deficiency of thiamine was first manifested by lower 
levels of excietion after administration of a test dose of thiamine hydro- 
chloride Almost simultaneously with significant decrease of excretion 
of the test dose of thiamine the values for pyruvic acid in the blood aftei 
administration of dextrose became elevated, and the subjects became list- 
less and complained of anorexia and fatigue Listlessness progressed 
to apathy, anoiexia progressed to nausea and fatigue progressed to pros- 
tiation, almost stepwise with the decrease of excretion of the test dose 
of thiamine and with elevation of the level of pyruvic acid in the blood 
Symptoms suggestive of dysfunction of the central and the peupheral 
nervous pathways preceded by months the gross signs of neurologic 
dysfunction However, after 110 days defects of the cutaneous sensoiy 
pathways, depression or disappearance of the tendon reflexes and 
paralysis of the muscles of the thighs and legs became apparent 

In our earlier studies of severe restriction of thiamine evidence of 
polyneuropathy, as manifested by loss of patellar and achilles tendon 
reflexes and paralysis of the quadriceps femoris muscles, was observed 
m only 1 of 8 subjects At that time, mainly because the abnormality 
was mild, its significance in the light of the studies reported here was 
not appreciated In a second study 3 of prolonged, moderate restriction 
of thiamine some degree of weakness of muscles and paresthesias of the 
medial surfaces of the legs were observed m subjects who were deprived 
of thiamine for periods of 88 to 196 days, but paralysis of muscles and 
loss of tendon reflexes were not observed Reconsideration of the data 
of these eailier studies suggests that m the first study the restriction 
of thiamine was too severe for maintenance of the organism, and there- 
fore, deprivation had to be discontinued before much neuropathy could 
develop, and that in the second study the restriction was not severe 
enough for production of objective neurologic defects within the periods 
of observation 

In the study here reported the dietary restriction of thiamine was 
intei mediate, and administration at periodic mteivals of approximately 
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two weeks of a test dose of 1 0 mg of thiamine hydrochloi ide exeited 
a tempoiary recuperative effect Invanably appetite would be improved 
and activity would be resumed foi 7 to 10 days after injection of the 
test dose 

Studies by Leblond and Chaulm-Sei vimere, 12 lepoited since oui 
observations weie made, piovide data which aie consistent with out 
experience in human subjects Using monkeys, the authois found that 
when the intake of thiamine was low, death would occur before an) 
outstanding clinical symptoms of beriberi developed, whereas when the 
intake repiesented about half the minimal requirement of thiamine, 
clinical signs of polyneuritis, cardiac failure and at autopsy peripheral 
nerve degeneration were obtained 

We realize that the neuiopathy which developed in our subjects 
might have been caused by factors which were unrelated to deprivation 
of thiamine We are aware of the general belief that there are many 
and exceedingly obscure causes of neuropathy However, that deficiency 
of thiamine was the most piobable ultimate cause of the polyneuropathy 
in our subjects is indicated by the following considerations 

1 The neuiopathy developed progiessively in the period of isolated 
deprivation of thiamine and regressed when thiamine hydrochloride was 
provided again and no other changes weie made m the regimen 

2 Twenty subjects, including the subjects of the present study, were 
maintained m the same isolated hospital ward and were served food from 
the kitchen m the ward Only in those who weie deprived of thiamine 
did polyneuropathy develop These conditions would seem to reduce the 
probability that toxic oi infectious factors were the cause of the neuro- 
pathies observed We have given thought to the possibility that thiamine 
deficiency may have decreased the factor of resistance and thereby caused 
the persons who had thiamine deficiency to become oversusceptible to 
infectious and toxic agents This possibility, however, seems to be 
excluded in a i ecent paper 3 

3 Simultaneously with the present study three other groups of sub- 
jects were maintained on a basal diet deficient in all factors of the 
vitamin B complex and known to be low m thiamine, riboflavin and 
macm By supplementation of the basal diet with crystalline vitamins 
of the B complex and with minerals and other nutrients isolated defi- 
ciencies of thiamine, of riboflavin, of nicotinic acid and of the vitamin B 
complex have been produced Polyneuropathy has developed only in 
subjects who have been deprived of thiamine 

12 Leblond, C P , and Chauhn-Servimere, J Spontaneous Beriberi of the 
Monkey as Compared with Experimental Avitaminosis, Am J M Sc 203 100- 
109 (Jan ) 1942 
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SUMMARY 

The quantity of thiamine in the diet of 2 human volunteeis was 
lestncted to 0 2 mg per day (0 1 mg for each 1,000 calories) foi 120 
days A test dose of 1 0 mg of thiamine hydrochloride was admims- 
teied subcutaneously approximately eveiy two weeks during this period 
of thiamine deprivation, thus raising the average daily intake of thiamine 
to a total of 0 35 mg (0 175 mg pei thousand calories) Administration 
of the test dose of thiamine served as a “periodic partial cure” of the 
thiamine deficiency Appetite would improve and activity would increase 
for 7 to 10 days aftei each injection 

Symptoms and signs of thiamine deficiency were manifested as early 
as the thirtieth day of restriction The first objective evidence of abnor- 
mality in these subjects consisted of a decrease m their ordinary urinary 
excretion of thiamine At about the fiftieth day the urinary excretion of 
thiamine after administration of a test dose of 1 mg of thiamine hydro- 
chloride was reduced After this time whenever dextiose was given, 
abnormally high values for pyruvic acid and lactic acid m the blood 
were encountered About this time, also, anorexia and weakness became 
more severe than they had been and the subjects made complaints of 
paresthesia of the legs Later, objective evidence of dysfunction of 
neivous pathways was obtained, and after 110 days of restriction poly- 
neuropathy became clearly apparent in both subjects The neuropathy 
consisted of defects of the sensory nervous pathways, loss of tendon 
reflexes and paralysis of muscles of the legs It responded to adminis- 
tration of large doses of thiamine, but only after many weeks, and m 1 
case incompletely after four months of continuous treatment 10a 

The earliest stages of thiamine deficiency were demonstrated by 
determination of excretion after administration of a test dose of thiamine 
hydrochloride More advanced stages of deficiency were suggested by 
data on pyruvic acid and lactic acid in the blood after administration 
of dextrose — a “metabolic load” test Advancing degrees of thiamine 
deficiency were suggested by progi essively higher blood pyruvic acid 
curves after administration of dextrose This metabolic load procedure 
has diagnostic significance m athiammosis but cannot be regarded as 
specific oi pathognomonic 

Polyneuropathy has been a manifestation of late rather than earl), 
severe rather than mild, deficiency of thiamine, representing an anatomic 
defect which was only slowly reversible even when thiamine hydio 
chloride was administered mtensivel) 

102 Second Avenue Southwest 



URINARY SEDIMENT IN VISCERAL ANGIITIS (PERI- 
ARTERITIS NODOSA, LUPUS ERYTHEMATOSUS, 
LIBMAN-SACKS “DISEASE”) 

quantitative studies 
MARCUS A ICRUPP, MD 

SAN TRANCISCO 

In recent years many repoits have appeared concerning a gioup of 
disorders featured by peculiar lesions of small artenes, namely, peri- 
arteritis nodosa, lupus erythematosus disseminata, Libman-Sacks “dis- 
ease” and the syndromes described by Fnedberg and Gross The 
terminology used m referring to these vaned conditions is much con- 
fused and is by no means certain, but some relation among them at least 
seems possible In seai clung for a useful clinical designation foi the 
entire group W Dock suggested “visceral angiitis,” and this term has 
been in common use in the Stanford clinic for the past few yeai s 1 

Although the occurrence of renal lesions m association with vis- 
ceral angiitis is well known , 2 the leported studies on the urine 3 of 

From the Department of Medicine, Stanford University School of Medicine 

1 My associates and I use this as a purely clinical designation, inasmuch as 
there are different views as to the interpretation of the lesions (see Klemperer, P , 
Pollack, A D, and Baehr, G Pathology of Disseminated Lupus Erj thematosus, 
Arch Path 32 569 [Oct] 1941) 

2 (a) Keil, H Conception of Lupus Erythematosus and Its Morphologic 

Variants, with Particular Reference to “Systemic” Lupus Erythematosus, Arch 
Dermat & Syph 36 729 (Oct ) 1937 (i?) Engman, M F , Jr Early Acute 

Lupus Erythematosus, ibid 35 685 (April) 1937 (c) Libman, E , and Sacks, B 

A Hitherto Undescribed Form of Valvular and Mural Endocarditis, Tr A Am 
Physicians 38 46, 1923 (d) Gross, L , and Fnedberg, C K Nonbacterial Throm- 

botic Endocarditis Classification and General Description, Arch Int Med 58 620 
(Oct ) 1936 Fnedberg, C K, and Gross, L Nonbacterial Thrombotic Endocar- 
ditis Associated with Acute Thrombocytopenic Purpura, ibid 58 641 (Oct) 1936 
Friedman, C K , Gross, L, and Wallach, K Nonbacterial Thrombotic Endo- 
carditis Associated with Prolonged Fever, Arthritis, Inflammation of Serous 
Membranes and Widespread Vascular Lesions, ibid 58 662 (Oct ) 1936 (e) 

Goeckerman, W H Lupus Erythematosus as a Systemic Disease, JAMA 
80 542 (Feb 24) 1923 (/) Ginzler, A M, and Fox, T T Disseminated 

Lupus Erythematosus A Cutaneous Manifestation of a Systemic Disease (Libman- 
Sacks), Arch Int Med 65 26 (Jan) 1940 (ff) Rose, E, and Pillsbury, D M 
Acute Disseminated Lupus Erythematosus — A Systemic Disease, Ann Int Med 
12 951, 1939 ( h ) Symposium on Lupus Erythematosus, Proc Staff Meet, Mayo 

Clin 15 675-688, 1940 (i) Reifenstein, E C , Reifenstein, E C, Jr, and Reifen- 
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patients with this condition have not been adequate A series of 21 
cases encountered in the last two years has furnished an unusual oppor- 
tunity to make exact quantitative studies of the urinary sediment by 
the methods of Addis These studies have revealed some interesting 
and characteristic featuies of the sediment in visceial angiitis, and they 
foim the basis of this repoit 

METHOD AND MATERIAL 

Specimens of urine were collected according to the method of Addis 4 It may 
be lecalled that the purpose of this procedure is to preserve the formed elements 
by obtaining fresh concentrated acid urine and also to estimate the total numbers 
of casts and cells excreted m a standard period By this means it is possible to 
make an accurate assay of the nature and the course of a renal lesion After 
withdrawing from a specimen the amount of urine required for the Addis count 
the remainder was allowed to stand in the refrigerator for two or three hours , 
30 to 60 cc was then pipetted from the bottom of the receptacle and centrifuged 
The sediment, resuspended in 0 5 to 1 0 cc of urine, was studied The types of 
cells and casts were recorded, and differential counts of the casts were made 

In each of the 21 cases the disorder was given a clinical diagnosis of one or 
another of the components of visceral angiitis already enumerated The diag- 
nosis was confirmed by autopsy or muscle biopsy m all but 4 cases, however, m 
these cases the condition was considered definite enough to permit inclusion in 
this series (table, group A, cases 6 and 9, group B, cases 1 and 4) 

stein, C H A Variable Symptom Complex of Undetermined Etiology with 
Fatal Termination, Including Conditions Described as Visceral Erythema Group 
(Osier), Disseminated Lupus Erythematosus, Atypical Verrucous Endocarditis 
(Libman-Sacks), Fever of Unknown Origin (Christian), and Diffuse Peripheral 
Vascular Disease (Baehr and Others), Arch Int Med 63 553 (March) 1939 
0) Curtis, A C, and Coffey, R M Periarteritis Nodosa A Brief Review of 

the Literature and a Report of One Case, Ann Int Med 7 1345, 1934 ( k ) 

Harris, A W , Lynch, G W, and O’Hare, J P Periarteritis Nodosa, Arch 
Int Med 63 1163 (June) 1939 (/) Grant, R T Observations on Periarteritis 

Nodosa, Clin Sc 4 245, 1940 

3 (a) Bunim, J J Lupus Erythematosus Disseminatus, Ann Int Med 

13 1399, 1940 ( b ) Keith, N M , and Rowntree, L C A Study of the Renal 

Complications of Disseminated Lupus Erythematosus Report of Four Cases, Tr 

A Am Physicians 37 487, 1922 (c) Rose, E , and Goldberg, L C Visceral 

Lesions of Acute Disseminated Lupus Erythematosus, M Clm North America 
19 333, 1935 ( d ) Baehr, G , Klemperer, P , and Schifrin, A A Diffuse Dis- 

ease of Peripheral Circulation Usually Associated with Lupus Erythematosus and 
Endocarditis, Tr A Am Physicians 50 139, 1935 ( e ) Snapper, I Kidney 

Trouble in Acute Lupus Erythematosus, in Berglund, H , and Medes, G The 
Kidney in Health and Disease, in Contributions by Eminent Authorities, Phila- 
delphia, Lea & Febiger, 1935, pp 433-439 (/) Stickney, J M , and Keith, 

N M Renal Involvement in Disseminated Lupus Erythematosus, Arch Int 
Med 66 643 (Sept ) 1940 (g) Klemperer, P , Pollack, A D , and Baehr, G 

Pathology of Disseminated Lupus Erythematosus, Arch Path 32 569 (Oct) 1941 

4 Addis, T A Clinical Classification of Bright’s Diseases, J A M A 85 
163 (July 18) 1925 
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RESULTS 

Of the 21 cases, the urinary sediment was normal m 3 (table, 
group C) In 4 other cases the sediment was of the sort which may 
occur in association with any febrile illness or with arteriosclerosis 
(table, group B) But m 14 cases in which the diagnosis was verified 
and in which there was obviously a severe lenal lesion a sediment of 
unusual type was encountered Indeed, its characteristics are so specific 
that once observed such sediment becomes of great diagnostic value 
m cases of doubtful renal disease 

In older to make clear the significance of the findings in these cases 
of visceral angiitis a brief review of the types of sediment encountered 
m cases of glomerulonephritis is necessary, and for the purpose of this 
descnption the disease may be divided — somewhat diagrammatically — 
into three active stages In the initial stage the urine contains numerous 
red blood cells and red cell casts The second stage, that of tubular 
degeneration, is characterized by the presence of fat m the urme, this 
fat is contained as droplets in hyaline casts and m the epithelial cells of 
the tubules (so-called “oval fat bodies”) Red cells are present, but dur- 
ing this stage red cell casts are not usually seen, for the glomeruhtis has 
abated Large amounts of protein occur in the urine, and at the same 
time the concentration of protein in the serum may be low The third 
stage is the terminal one, in which the flow of urine is so slow m some 
of the large collecting tubules that large casts, known as broad, or renal 
failure, casts, are formed It is m this stage that hypertension and 
retention of urea in the blood become extieme The presence of elements 
characteristic of the second and the third stage has often been observed 
in the same specimen of urine , the presence of those typical of the initial 
stage and the second stage has been observed in the same specimen only 
extremely rarely, m cases of fulminating disease, and the presence in 
one sample of urme of elements characteristic of all three stages has never 
been observed in a case of glomerulonephritis m the experience of the 
Stanford laboratory 

But in sharp contrast to the different sediments just outlined the 
urme m 14 of the 21 m this series presented in the same specimen red 
blood cells, red cell casts, oval fat bodies, fatty and waxy casts and, 
frequently, broad casts In addition, abnormal quantities of protein were 
always present Here, under one cover slip were seen elements 
characteristic of the three stages of glomerulonephritis, which are usually 
sepai ated by years or decades This unique microscopic picture we 
have come to refer to as that of the “mine of visceral angiitis ” The data 
m these 21 cases are summarized m the table 

The finding of such a singular urinary sediment m cases of typical 
visceral angiitis became of diagnostic aid , when in later cases of atypical 
or obscure forms of the disease identical urinary sediments were 
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obser\ ed, further procedures w hich might otherwise hat e been neglected, 
such as muscle biops\ , v> ere done m an attempt to confirm the diagnosis 

There is no obvious reason why this t\ pe of urinar\ sediment should 
never occur in an adult with rapidly progressing glomerulonephritis 
Addis, 5 as a matter of fact, m ret lewmg his cases of glomerulonephritis 
found that he had encountered this picture on 2 occasions Howe\ er, 
lus notes on these 2 cases of supposed glomerulonephritis show clearly 
that the patients really had disseminated lupus er) thematosus In 1 
case (table group A case 14) in which the urine was typical of that 
of visceral angiitis the necropsy report was "subacute glomerulone- 
phritis ” The condition m this case, how ever, tt as suggestive clinically of 
periarteritis nodosa, with prolonged fever, arthralgia, myalgia, symptoms 
and signs referable to the central nervous system, cough and other 
difficulties referable to the respiratory tract loss of tt eight and at autopsy 
pol) serositis 

An attempt -was made to correlate this singular urinary sediment 
with the microscopic renal changes No quantitatne relation was found 
As a matter of fact, the renal lesion \\ as often less severe than one would 
expect from the appearance of the sediment Sometimes only minimal 
changes were observed m kidneys which discharged large numbers of 
formed elements Qualitatively, hotvet er, the sediment can be explained 
by the histologic changes , the blood casts and hematuria, by the plugging 
of the capillaries of the tufts by hyahnized thrombi, the epithelial and 
fatty casts and the ot al fat bodies, by the fatty degeneration of some of 
the convoluted tubules, and the broad casts, by the fact that m some 
lobules draining into a common collecting tubule system there had been 
fibrosis and hyalmization of many of the glomeruli The other lesions, 
the relation of which to the sediment is doubtful or nonexistent, com- 
prised crescents and synechiae partially obliterating Bowman’s capsule 
and the thickening of the basement membrane of the capillary loops, 
or formation of lesions “wire loop ” It is of interest that the only really 
ty pical “wire loop” lesions were encountered in a woman (table, group A, 
case I) who clmicall) and pathologicallt had periarteritis nodosa rather 
than disseminated lupus erythematosus There was no constant change 
m the vessels supplying the renal parenchyma In those patients with 
normal urine no significant renal lesions tvere encountered 

The changes m the urinary sediment vary with the state of the 
patient, becoming more extreme during clinical exacerbation and 
lessening during remission when its appearance may even suggest a 
latent stage of the renal disease This is well illustrated by case 11, 
group A , after a particularly severe early phase of periarteritis nodosa 
the patient has improved greatly, and the changes shown m the table 


5 Addis, T Personal communication to the author 
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Cutaneous Lesions 


Olmical and Pathologic Bata 


Necropsy 


>- 


f 



Blood Vessels 

Libman Sacks 


Glomeruli 

Tubules 

(Arterioles) 

Endocarditis 


Comment 


None normal, “wire loop” Patty degener 

lesions present, fibrosis, ation 

some crescents 

Proliferation of Bow Normal 

man’s capsule, no crescents, 
thick individual loops 

Pibrosis and increased Slight fatty 

celiularity of loops, some degeneration 

fibrin plugs in capillaries 
Some fibrosis and hyalin Marked fatty 

ization, few crescents degeneration 


Many arterioles with 
thick hyalmized walls, 
partial occlusion 
Some arterioles with 
marked medial necrosis 
and perivascular white 
blood cell collars 
Normal 


Only slight arteriolar 
thickening 


None normal, fibrosis, ne 
crosis of media of 
arterioles 

Edematous 


Patty degener Infiltration of adven- 

ation titia with white cells, 

medial necrosis and 
thrombosis 

Edematous, 
fatty degeneration 


“Nephritis" 


Clinically periarteritis nodosa, only 
case in series in which classic “wire 
loop" lesions present 

Nodules on tn Periarteritis nodosa with renal 
cuspid value, ? lesions resembling, but not typical 
atypical of, those of glomerulonephritis, 

urme of assistance m diagnosis 
Death due to pneumococcic sepsis, 
a case of severe lupus erythema- 
tosus disseminata 


Definite endoear- Classic lupus erythematosus dissem 
ditis with lesions inata with Libman Sacks endoear 
on tricuspid and ditis, no pericarditis, hypertension, 
on mitral valve heart failure, uremia terminally 
Peculiar pneumonitis revealed by 
roentgen examination, pulmonary 
and renal diseases predominant, no 
autopsy, renal lesions of aid in 
diagnosis 


Renal lesion the initial manifesta 
tion, followed by evidence of in- 
volvement of other organs in dis 
seminated lupus erythematosus, one 
of Addis’ cases m which the initi il 
diagnosis in 1931 was glomerulo 
nephritis 

Valve edges and Periarteritis nodosa with renal 
chordae tendineae lesion, asthma was initial 
thickened? difficulty 


Lupus erythematosus disseminata 
with renal lesions, diagnosis was 
glomerulonephritis in 1930, case 
discovered in review of Addis’ files 
Autopsy elsewhere, unable to get 
complete examination to report 
Musclebiopsy, subacute periarteritis 
myositis, urme of aid in diagnosis 
July 7, 1940, patient ill, pale, 
edematous, heart enlarged 
Sept 10, 1940 patient Improved, 
peripheral neuritis, biopsy of mus 
cle periarteritis nodosa 
Nov 14, 1940 patient improved 


March 13, 1941 patient improved, 
m August 1941 only trace of pro 
tern in urine 

Muscle biopsy periarteritis rodosa 


Pibrosis and hyalimzation 

None intact, many hyalin 
lzed, many crescents 

Patty degener 
ation 

Fatty degener- 
ation 

Arterioles with hyalin 
ized thick walls to point 
of occlusion 

Arteriolar walls thick 


Normal 

Normal 

Normal 


Thick basement mem 
brane of capillary loop, 
some hyalinized glomeruli 

Patty degener 
ation 

Not remarkable 


Normal 

Normal 

Normal 

Valvulitis with 
verrucae on 
chordae 
tendmeae 


Periarteritis nodosa proved 


Diagnosis of subacute glomerulo 
nephritis at autopsy, clinically a 
clearcut case of periarteritis nodosa 
Classic lupus erythematosus dis 
seminata with cardiac murmur of 
possible valvular lesion 
Periarteritis nodosa with lesions of 
of heart and lung, pneumonia 
pecuiar to periarteritis 
Arterioles of heart, renal pelvis and 
other tissues infiltrated and sur 
rounded by eosinophils 
Diagnosis unconfirmed, clinically a 
case of visceral angiitis 
Clinically disseminated lupus erv 
thematosus, but at autopsy exten 
sive periarteritis encountered a 
case which constitutes evidence in 
favor of considering these diseases 
as common entities 

Muscle biopsy periarteritis nodosa 


Clinically visceral angiitis muscle 
biopsy normal vessels, subacute 
myositis 1 
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are reflected in the ui mary sediment Similar variations were observed 
in case 12, group A 

Another point of intei est is that not only the urinary sediment but at 
times the clinical picture showed simultaneously the features of early 
and late stages of glomerulonephritis It was common, for example, to 
see a patient with hypoprotememic edema (degenerative stage) and 
retention of urea and hypertension (terminal stage) In this series 
normal blood pressuies were encountered not only in those cases in 
which the kidneys were not affected but also in 8 cases in which there 
were severe renal lesions (group A, cases 2, 5, 6, 7, 8, 10, 12 and 14), 
m some of which there were gi oss signs of renal failure Normal blood 
pressures were also encounteied in the cases of visceral angiitis during 
a stage of severe tubular degeneration, just as in the case of the 
“nephrotic” stage of ordinary nephritis Hypertension, when it did 
occur, was with 1 exception always associated with renal failure 

Finally, there has been much speculation as to the relation of the 
various clinical syndiomes which I have enumerated under the heading 
visceral angiitis G On the other hand, I do not advance the similarity of 
the urinary sediments in these clinical states as a basis for the view that 
they are all variants of one disease entity I cannot do that, because 
it is known that in diseases of entirely diverse causation and pathogenesis 
one may in the end find sediments that are indistinguishable 

When a renal lesion exists in visceral angiitis, it is of such a nature 
as to induce glomerulai bleeding and the passage of fibrinogen through 
the glomerular membrane, with the formation of blood casts, fatty 
degeneration of tubule cells and local oliguria that leads to the formation 
of broad casts There is thus a relation between the diseases giouped 
under this term, though it is not maintained that the renal lesions are 
histologically identical, still less that they have the same causation or 
pathogenesis In case 1, group C, especially interesting m this connec- 
tion, the patient showed the clinical features of lupus erythematosus, but 
at autopsy the classic lesions of periarteritis nodosa were revealed 
In case 1, group A, also to the point, the clinical diagnosis was peri- 
arteritis, but at autopsy the “wire loop” glomerular lesions described 
m association with lupus erythematosus were found 

6 (a) Keil, H Dermatomyositis and Systemic Lupus Erythematosus II 
Comparative Study of Essential Climcopathologic Features, Arch Int Med 66 
339 (Aug) 1940 (6) Banks, B M Is There a Common Denominator in 

Scleroderma, Dermatomyositis, Disseminated Lupus Erythematosus, the Libman- 
Sacks Syndrome and Polyarteritis Nodosa ? New England J Med 225 433, 1941 
(c) Denzer, B S , and Blumenthal, S Acute Lupus Erythematosus Disseminatus, 
Am J Dis Child 53 525 (Feb ) 1937 ( d ) Ginzler and Fox 21 ( e ) Rose and 

Pillsbury 2 s 



KRUPP— VISCERAL ANGIITIS 


61 


SUMMARY AND CONCLUSIONS 

Twenty-one cases of periarteritis nodosa, lupus erythematosus dis- 
seminata, Libman-Sacks "disease" and the syndromes of Friedberg and 
Gross were studied with particular reference to the clinical manifestations 
of the renal lesion 

In 7 cases no specific changes m urinary sediment were discovered, 
but m 14 cases a singular pictuie of the sediment was observed The 
uniqueness of this picture lies in the presence of red blood cells, red cell 
casts, oval fat bodies, fatty casts, broad casts and abnormal quantities of 
protein m the same specimen of urine These elements do not occur 
together in association with glomerulonephritis or with any other renal 
lesion with which I am familiar 

This unusual sediment is of diagnostic value in doubtful cases of the 
disorders just mentioned 

The term visceral angiitis is advanced as a convenient clinical desig- 
nation for these disorders and is not meant to imply a common etiologic 
relation 


Stanford University Hospitals 
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III URINARY EXCRETION OF COPROPORPHYRIN IN HEPATIC INSUF- 
FICIENCY DURING EPISODES CHARACTERIZED BY NEUROLOGIC 

MANIFESTATIONS 

SAMUEL NESBITT, MD 

Associate Physician, New Haven Hospital, Instructor in Medicine, 

Yale University School of Medicine 

NEW HAVEN, CONN 

As stated in previous papers of this senes , 1 it is probable that 
porphynn arises within the body during the piocess of synthesis of 
hemoglobin, protoporphyrin III composing the prosthetic group of 
hemoglobin, myoglobin and various respu atory ferments , 2 and that 
porphyrin of isomeiic series I, which arises as a useless by-product 
during this synthesis, as well as any porphyrin of isomeric series III 
that is not utilized, is excieted in the urme and feces as coproporphynn 
The total amount of coproporphynn excreted as well as the ratio of 
urinary to fecal excretion depends chiefly on the late of production of 
porphynn and the efficiency of the liver, which is the moie important 
organ of excietion of porphyrin, the kidneys normally excreting but 

Abstract of a portion of thesis submitted to the Faculty of the Graduate School 
of the University of Minnesota in partial fulfilment of the requirements for the 
degree of Ph D in Medicine 

1 Nesbitt, S , and Snell, A M (a) The Excretion of Coproporphynn in 
Hepatic Disease I Correlation of Urinary and Fecal Excretion with Paren- 
chymatous Hepatic Damage, Arch Int Med 69 573-581 (April) 1942, (6) Excre- 
tion of Coproporphynn in Hepatic Disease II Urinary and Fecal Excretion in 
Biliary Obstruction, ibid 69 582-588 (April) 1942 

2 (a) Dobnner, K Porphyrin Excretion m Feces m Normal and Pathological 

Conditions, J Biol Chem 120 115-127 (Aug) 1937 ( b ) Dobnner, K, and 

Rhoads, C P The Metabolism of Blood Pigments in Pernicious Anemia, J Clin 
Investigation 17 95-103 (Jan ) 1938 (c) Dobnner, K , Strain, W H , Locaho, 

S A , Keutmann, H , and Stephens, D I II Coproporphynn I Metabolism and 
Hematopoietic Activity, Proc Soc Exper Biol & Med 36 755-756 (June) 1937 
( d ) Rimmgton, C Porphyrins and Their Relation to the Metabolism of Blood 
Pigments, Proc Roy Soc Med 32 1268-1275 (Aug ) 1939 ( e ) Lemberg, R 

Transformation of Haenuns into Bile Pigments, Biochem J 29 1322-1 336 (June) 
1935 
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a small fraction of the total porphyrin exci eted 3 It has been demon- 
strated that m the event of parenchymatous hepatic damage the ratio 
of urinary excretion to fecal excretion is increased roughly in pi oportion 
to the degree of hepatic dysfunction 13 and that in obstruction of the 
biliaiy ducts this ratio is also increased m proportion to the degree of 
obstiuction When the continuity of the biliaiy passage is restored by 
operative means the noimal ratio of urinary excietion to fecal excretion 
of coproporphyrm is lestored, provided, of course, that the hepatic 
function is adequate lb 

Four patients who had severe alcoholic cirrhosis of the liver afforded 
an opportunity for study of the daily urinary excretion of copro- 
porphyrin during repeated episodes of acute hepatic insufficiency which 
were evidenced by periods of neurologic manifestations langing from 
mild disorientation and psychotic behavior to deep coma Sometimes 
dui mg such episodes choreiform movements occuned, and occasionally 
pathologic neurologic signs could be elicited, including a Babmski reflex 
and sustained ankle clonus At Such times there was a decline in urinary 
output, the patient might become cyanotic and a peculiar odor, which 
has been described as “mousy,” might be noticed During these periods 
the concentration of sugar and of electrolytes m the blood remained 
within normal limits The records of these patients have been reviewed 
m detail by Snell and Butt 4 

The patients weie maintained on a meat-free diet thioughout the 
period of study On the basis of Mann and B oilman’s 5 6 studies they 
were placed on a high carbohydrate, high nonmeat protein, low fat diet 
to which were added vitamin supplements 4 In view of the interesting 
studies by Jolhffe and others, 0 intensive parenteral administration of 
vitamins was employed during the acute episodes The vitamins 
administered included at least 100 mg of nicotinic acid, 100 mg of 

3 Dobriner, K, and Rhoads, C P The Quantitative Determination of 
Urinary Coproporphyrin, New England J Med 219 1027-1029 (Dec 29) 1938 
Watson, C J Concerning the Naturally Occurring Porphyrins I The Isolation 
of Coproporphyrm I from the Urine in a Case of Cinchophen Cirrhosis, J Clm 
Investigation 14 106-109 (Jan) 1935, Concerning the Naturally Occurring Por- 
phyrins IV The Urinary Porphyrin in Lead Poisoning as Contrasted with 
That Excreted Normally and in Other Diseases, ibid 15 327-334 (May) 1936 
Dobrmer 2a 

4 Snell, A M , and Butt, H R Hepatic Coma Observations Bearing on Its 
Nature and Treatment, Tr A Am Physicians 56 321-329, 1941 

5 Mann, F C , and Bollman, J L Jaundice A Review of Some Experi- 
mental Investigations, JAMA 104 371-374 (Feb 2) 1935 

6 Jolhffe, N , Bowman, K M , Rosenblum, L A , and Fern, H D Nicotinic 
Acid Deficiency m Encephalopathy, JAMA 114 307-312 (Jan 27) 1940 
Jolhffe, N Effects of Vitamin Deficiency on Mental and Emotional Processes, 
A Research Nerv & Ment Dis , Proc (1938) 19 144-153, 1939 
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thiamine chloride, 200 mg of ascorbic acid and one of the preparations 
which possess vitamin K activity 4 It is mteiesting that the patients 
did recover repeatedly from the acute episodes 

One of the patients was confused and disoriented when he entered 
the hospital, and he soon lapsed into deep coma, from which he roused 
During a compaiatively brief stay m the hospital he experienced one 
other period during which he was stuporous and semicomatose Again 
he improved, and he left the hospital Three of the patients were 
observed over long periods during which they experienced repeated 
episodes of acute hepatic insufficiency, in which the state ranged from 
confusion to deep coma Two of the patients exhibited a Babinski reflex 
and sustained ankle clonus during some episodes One patient suffered 



Chart 1 (case 1) — Excretion of urinary coproporphyrm 

a terminal hemorrhage from a ruptured varix One patient died, 
mesenteric thrombosis having developed One patient returned to his 
home and has continued to improve 

. In each instance daily determinations of the urinary coproporphyrm 
excreted were made, and these are represented graphically m charts 1 
to 4 along with the corresponding volumes of urine The periods of 
acute hepatic insufficiency have been indicated From this study several 
things became apparent It was noted that the amount of copro- 
porphynn excreted m the urine was surprisingly parallel to the corre- 
sponding volume of urine It was observed also that before and during 
each episode of acute hepatic insufficiency a sharp decline in the amount 
of urinary coproporphyrm as well as in the volume of urine occurred 
and that the values increased abruptly as the patient emerged from the 
acute episode 
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The first patient (chart 1) on admission was disoriented, and he soon lapsed 
into deep coma During this episode the amount of urinary coproporphyrin, 
although greater than the normal range of 0 to 100 gammas, was relatively low 
compared with the values for urinary coproporphyrm between the acute episodes 
As the patient improved clinically, the value rose sharply On the eighth day he 
experienced another such episode — he became confused and stuporous, and the 
volume of the urine and the urinary excretion of coproporphyrm again were 
diminished The values again increased abruptly as he improved 

The second patient (chart 2) experienced five such episodes of acute hepatic 
insufficiency, and the same findings with regard to urinary volume and urinary 
coproporphyrm were noted In this instance, on several occasions (as indicated 
by a) after the final episode of acute hepatic insufficiency a relatively low value 



Chart 2 (case 2) — Excretion of urinary coproporphyrm 

for both urinary volume and excretion of coproporphyrm was observed, at these 
times the patient did not exhibit any untoward neurologic manifestations 

The third patient (chart 3) experienced eight episodes of acute hepatic insuffi- 
ciency over a period of three months, with the usual changes m urinary volume 
and excretion of coproporphyrm Similar low values were observed in several 
instances (indicated by a to c) without any clinical evidence of acute hepatic 
insufficiency 

The course of the fourth patient (chart 4), who was observed over a period 
of three months, was similar to that of the third patient Eight episodes of acute 
hepatic insufficiency occurred, with the usual findings as to values for urinary 
volume and for urinary excretion of coproporphyrm Again on several occasions 
(indicated by a to e) low values were observed in the absence of clinical evidence 
for acute hepatic insufficiency 
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It has long been recognized that a diminished urinary output occurs 
before and during episodes of acute hepatic insufficiency and that there 
is an elevation of the nonprotem nitrogen content of the blood at such 



Days 

Chart 3 (case 3) — Excietion of urinary coproporphynn 



Days 

Chart 4 (case 4) — Excretion of urinary coproporphynn 


times Many workers have attributed these changes to failing renal 
function m addition to hepatic insufficiency, the acute picture thus being 
produced by the retention of hypothetic toxic substances It is intei est- 
ing to speculate as to what, if any, part retention of porphyrin may 
have to play m relation to these toxic substances 3>£) 33^ 
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SUMMARY AND CONCLUSIONS 

In 4 cases of severe alcoholic cirrhosis of the liver it has been demon- 
strated that a close correlation exists between the values for urinary 
coproporphyrin excreted daily and for the coi responding urinary volume 
and that these values bear a definite relation to the onset and the 
couise of periods of acute hepatic insufficiency It seems fair to assume 
that the declining urinary excretion of coproporphyrm observed with 
the fall of urinary output before and during such periods is meiely a 
reflection of a diminished renal function which occurs together with 
the diminished hepatic function at such times 


The Mayo Clinic 



ALKAPTONURIA WITH HYPERURICEMIA 


ALAN LESLIE, MD 

NEW YORK 

Alkaptonuria is an unusual disease, but the metabolic disorder which 
it represents assumes considerable importance because of the light it 
sheds on the normal catabolism of two essential ammo acids The 
existence of the disease has appaiently been known since the sixteenth 
century, 1 but only with the more recent knowledge of ammo acid 
metabolism has its true nature been understood It may be regarded as 
a deficiency disease, the deficiency probably being intrinsic rather than 
extrinsic Although the deficient factor is not known, it is presumably 
a catalyst for a specific stage in the breakdown of tyrosine and phenyl- 
alanine This will be considered later and in greater detail 

The clinical detection of alkaptonuria is usually simple The most 
common history obtained is that of a peculiai blackening or darkening 
of an infant’s urine-moistened diaper when it is exposed to air Some- 
times the urine is abnormally dark when voided Occasionally, the 
condition is not noticed until later life, when a reducing substance u Inch 
pioves not to be sugar is detected by loutine unnaljsis However, m 
this event the probability is that the condition has existed since birth 
Several members of a family are commonly affected, instances of the 
disease among ancestors may be recalled It is not apparent whether 
the disease tends more toward maternal or paternal transmission No 
other symptoms are observed in alkaptonuria until relatively latei in 
the course of the disease when ochronosis appears This was fiist 
described by Virchow, 2 who did not associate it with alkaptonuria 
Ochronosis is characterized by a bluish discoloration of the cartilages, 
most easily discernible in the ears and the alae nasi, and is due to the 
deposition of oxidation products of homogentisic acid Albrecht 5 
expressed the belief that this pigment resulted from the combination of 
homogentisic acid or one of its derivatives with chondromucm or 
chondroitm-sulfunc acid in the cartilages Although there is a predi- 
lection for the cartilages, the abnoimal pigmentation is occasionally 
visible m the skm and the nails and m pingueculae A smulai picture 

From the medical service of Dr George Baehr and the laboratories of the Mount 
Sinai Hospital 

1 Garrod, A E Inborn Errors of Metabolism, ed 2, London, Oxford 
University Press, 1923 

2 Virchow, R Ein Fall von allgememer Ochronose der Knorpel und 
knorplapnlicher Theile, Virchows Arch f path Anat 37 212, 1866 

3 Albrecht, H Ueber Ochronose, Ztschr f Heilk 23 366, 1902 
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may be seen m chronic poisoning with phenol Degenerative changes 
take place in the aiticular caitilages, with the production of a particularly 
disabling form of osteoarthritis Erosion of the intervertebral disks 
causes osteitis deformans alkaptonuria, as described by Soderbergh 4 
and noted by Osier 5 and Albiecht 3 This piesents the clinical picture 
of spondylitis but is charactenzed by the absence of vertebral bridging 
m roentgenograms Ochronosis does not develop m all cases of alkap- 
tonuria, but the incidence has been high enough to account for the varied 
therapeutic efforts, which, unfoitunately, have met with little success 
to date A false positive Wassermann reaction is not uncommonly 
associated with alkaptonuria Soderbergh 6 leported a case in which 
the Wassermann reaction, which became negative after a course of 
therapy with mercury inunctions, again was positive after the patient 
ingested excess tyrosine Syphilis was most unlikely m this case 
Soderbergh called attention to the similarity of the bone changes to those 
occurring m Paget’s disease, m which condition also the Wassermann 
leaction is occasionally positive 

In an excellent review Garrod 1 cited 3 of the earliest cases on record . 
In 1584 Scribomus told of a peifectly healthy schoolboy whose urine 
was black In 1609 Schenck described the case of a monk with black 
urme, and m 1649 Zacutus Lusitanus wrote of black urine m a boy 
whose urme was unaffected by drastic measures but who achieved 
healthy manhood, black urme and treatment notwithstanding In 1859 
Bodeker 7 isolated from the urme of a patient with glycosuria a second 
reducing substance, which turned black on the addition of alkali This 
he named “Alkapton ” In 1861 8 he first described and named the dis- 
ease alkaptonuria In 1886 Brune 9 reported the first case m America 

Bateson, 10 Punnett 11 and Garrod 12 presented evidence that alkap- 
tonuria is a rare mendelian recessive character In most of the cases 
described the condition was shown to be hereditary Wolkow and 

4 Soderbergh, G Ueber Ostitis deformans ochronotica, Neurol Centralbl 21 . 
1362, 1913 

5 Osier, W The Pigmentation of Cartilages, Sclerotics, and Skin in Alkapton- 
uria, Lancet 1*10, 1904 

6 Soderbergh, G Zur Khmk der Alkaptonurie, Nord med ark , 1915, vol 48, 
no 3 and no 4 

7 Bodeker, C Ueber das Alcapton, Ztschr f rat Med 7:130, 1859 

8 Bodeker, C Das Alkapton, Ann d Chem u Pharmacol 117 98, 1861 

9 Brune, T B A Reducing Substance m Urme, Resembling Glucose, Boston 
M & S J 115 621, 1886 

10 Bateson, W , m Report of the Evaluation Committee of the Royal Society, 
London, 1902, no 1, p 133, note 

11 Punnett, R C Mendelism in Relation to Disease, Proc Roy Soc Med 
(Epidemiol Sect ) 1 135, 1908 

12 Garrod, A E Inborn Factors in Disease, New York, Oxford University 
Press, 1931 
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Baumann 13 m 1891 identified the substance known as “alkapton” as 
homogentisic acid In 1895 Baumann and Frankel 14 were able to syn- 
thesize homogentisic acid and prove its foimula This work was coi- 
roborated later by Osborne 15 and Neubauer and Flatow 1G 

Wolkow and Baumann 13 demonstrated mci eased excretion of homo- 
gentisic acid after the ingestion of tyrosine by a subject with alkaptonuria 
Falta and Langstem 17 showed this phenomenon to occur after the inges- 
tion of phenylalanine as well Both of these ammo acids contain the 
benzene ring, which human beings do not synthesize and which patients 
with alkaptonuria apparently cannot break down Gibson and Howard 18 
administered tyrosine and a measured diet to a patient with alkaptonuria 
and noted the characteristic rise in excretion of homogentisic acid 
They concluded that the disease is due to the incomplete catabolism of 
the aromatic fraction of tyrosine and phenylalanine Papageorge and 
Lewis 10 were able to produce excretion of homogentisic acid by white 
rats by daily oral administration of /-phenylalanine (0 3 Gm per hun- 
dred grams of body weight) Sealock and Silberstein 20 produced it 
by the administration of extra tyrosine to guinea pigs on diets defi- 
cient m vitamin C The latter authors were able to repeat this experiment 
successfully on 2 normal human beings However, as shown in a later 
report, Sealock and associates 21 were unable to affect the metabolism 
of homogentisic acid m a patient with alkaptonuria by the administration 
of ascorbic acid, although the urine no longer darkened on standing 
Sealock and Silbei stein suggested that vitamin C is the deficient factoi 
m experimental alkaptonuria, while the missing factor in hereditai) 

13 Wolkow, M, and Baumann, E Ueber das Wesen der Alkaptonurie, 
Ztschr f physiol Chem 15 228, 1891 

14 Baumann, E, and Frankel, S Ueber die Synthese der Homogentismsaure, 
Ztschr f physiol Chem 20 219, 1895 

15 Osborne, W A A New Synthesis of Homogentisic Acid, Proc Physiol 
Soc London, 1903, p xm 

16 Neubauer, O , and Flatow, L Synthesen von Alkaptonsauren, Ztschr f 
physiol Chem 52 375, 1907 

17 Falta, W , and Langstem, L Die Entstehung von Homogentismsaure aus 
Phenylalanin, Ztschr f physiol Chem 37 513, 1903 

18 Gibson, R B , and Howard, CP A Case of Alkaptonuria with a Study of 
Its Metabolism, Arch Int Med 28 632 (Nov ) 1921 

19 Papageorge, E T , and Lewis, H B Comparative Studies of the Metabolism 
of the Ammo Acids VII Experimental Alkaptonuria in the White Rat, J Biol 
Chem 123 211, 1938 

20 Sealock, R R , and Silberstein, H E The Control of Experimental Alkap- 
tonuria by Means of Vitamin C, Science 90 517, 1939 

21 Sealock, R R , Galdston, M , and Steele, J M Administration of 
Ascorbic Acid to an Alkaptonurie Patient, Proc Soc Exper Biol & Med 44 
580, 1940 
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alkaptonuria is as yet unknown Papageorge, Frohlich and Lewis 22 
produced a great increase m the urinary excretion of homogentisic acid 
m patients with alkaptonuria by the oral administration of phenyl- 
alanine, in amounts roughly equal to 70 per cent of the total amount 
theoretically obtainable by the complete conversion of phenylalanine 
They expressed the belief that homogentisic acid was an intermediate 
product of normal protein metabolism Butts, Dunn and Hallman 28 
produced alkaptonuria by feeding phenylalanine to normal rats but were 
unable to do so by feeding tyrosine 

Temporary disappearance of alkaptonuria during a period of star- 
vation m which there was associated ketone acidosis was reported by 
Katsch, 24 and Remwein 25 demonstrated a lowering of homogentisic 
acid excretion in a patient on a low carbohydrate diet Diaz, Mendoza 
and Rodriguez 20 could not influence the excretion of homogentisic acid 
by the administration of a high ketone diet, which resulted in ketosis. 
Complete carbohydrate deprivation had no effect Lieb and Lanyar 2T 
produced ketosis by the administration of a low carbohydrate diet but 
also were unable to corroborate the work of Remwein These authors 28 
also tried reducing the protein intake of a patient with alkaptonuria The 
ratio of homogentisic acid excretion to nitrogen excretion remained 
constant, despite diminution of the latter Braid and Hickmans, 29 study- 
ing an infant with alkaptonuria, found that after a thirty hour period 
of starvation during illness homogentisic acid disappeared from the urine 
and was not replaced by acetone A case of temporary alkaptonuria 
was reported by Furmss 30 The alkaptonuria disappeared on recovery 
from an attack of jaundice and perhaps merely represented a temporary 
disturbance m tyrosine metabolism 

22 Papageorge, E T , Frohlich, M M , and Lewis, H B Excretion of 
Homogentisic Acid After Oral Administration of Phenylalanine to Alcaptonunc 
Subjects, Proc Soc Exper Biol & Med 38.742, 1938 

23 Butts, J S , Dunn, M S , and Hallman, L F Studies in Amino Add 
Metabolism IY Metabolism of dl-, Phenylalanine and dl - Tyrosine m the White 
Rat, J Biol Chem 123 711, 1938 

24 Katsch, G Alkapton und Aceton, Deutsches Arch f klm Med 127; 
210, 1918, 134-59, 1920 

25 Remwein, H Untersuchungen uber die Alkaptonurie, Deutsches Arch f. 
klm Med 170 327, 1931 

26 Diaz, C J , Mendoza, H C, and Rodriguez, J S Alkapton, Aceton, 
und Kohlhydratmangel, Klin Wchnschr 18 965, 1939 

27 Lieb, H , and Lanyar, F Alkaptonurie und Kohlhydratenziehung, Ztschr. 
f physiol Chem 186 119, 1929 

28 Lieb, H , and Lanyar, F Alkaptonurie bei minimal er Enveisszufuhr, 
Ztschr f physiol Chem 186.111, 1929 

29 Braid, F, and Hickmans, E M Metabolic Study on an Alkaptonurie 
Infant, Arch Dis Childhood 4.389, 1929 

30 Furmss, H D Alkaptonuria, J Mt Sinai Hosp 4 720, 1938 
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By the administration of thyioid Schmieding 31 caused a parallel 
increase in nitrogen excretion and homogentisic acid excretion in a 7 
year old girl with alkaptonuria When theie was evidence of thyro- 
toxicosis, the excretion of homogentisic acid exceeded that of nitrogen, 
with the restoration of the former relation after withdrawal of the thy- 
roid This author expressed the belief that there was a congenital 
defect of an enzyme, perhaps of hepatic ongm Klein and Bloch 32 
reported a possible temporary improvement m a patient with alkapton- 
uria after the injection of liver extract, with subsequent complete i elapse 
Diaz, Mendoza and Rodriguez 20 could not demonstrate any effect of 
liver extract in a patient with the disease noi could Mosonyi 33 In the 
report of Mosonyi and of Diaz and associates favoiable results from the 
use of ascorbic acid were described Mosonyi reported relief of arthral- 
gias, which recurred when the administration of ascorbic acid was 
stopped and liver extract was given and which were again relieved by 
the administration of ascorbic acid (150 mg per day), with which was 
given adrenal cortex extiact Sealock, Galdston and Steele 21 were 
unable to demonstrate any effect from the administration of ascorbic 
acid up to 4 Gm per day Diaz and associates 20 suggested that ascorbic 
acid merely prevented the oxidation of alkapton in the urine, conse- 
quently avoiding blackening of the urine, with little true metabolic 
effect 

REPORT OF A CASE 

P H , an American-born white housewife aged 24, came to the outpatient depart- 
ment in February 1936, complaining of pain in the right sternoclavicular joint She 
also stated that her under garments became blackened by her urine, of which she 
had been slightly incontinent since the delivery of her second child The discolor- 
ation was not immediate, since the urine was light in color when voided This 
urinary abnormality had been observed in the patient by her mother, who had 
noticed a blackening of her diapers after birth There were no siblings There 
was no familial history of any similar disturbance, the patient’s mother being alive 
and having diabetes and her father having died of an abdominal neoplasm at the 
age of 44 The patient’s 2 children had never had any urinary abnormalities or any 
other significant deviation from normal The patient’s past history was essentially 
irrelevant She used no alcohol, tobacco or drugs 

Physical Examination — The patient’s general appearance was one of good 
health She was moderately obese The hair was of normal texture, and there 
were no signs of myxedema There were numerous dental cavities The thyroid 
was not enlarged The heart and the lungs were normal to percussion and ausculta- 
tion The blood pressure was 110 systolic and 80 diastolic There was a small 
umbilical hernia There was no neurologic abnormality or any evidence of pig- 

31 Schmieding, E Stoffwechseluntersuchungen bei kindhcher Alkaptonurie, 
Monatschr f Kmderh 73 216, 1938 

32 Klein, O , and Bloch, K Beseitigung der Alkaptonurie durch parenterale 
Zufuhr von Leberextrakten, Klin Wchnschr 15 1684, 1936 

33 Mosonyi, L A propos de l’alcaptonurie, Presse med 47 708, 1939 
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mentation in the aural and nasal cartilages There was a small cystocele, with 
incontinence after straining The right sternoclavicular joint was red, swollen and 
tender, and there was limitation of abduction of the arm A routine examination 
of the urine failed to reveal any abnormality The Wassermann reaction of the 
blood was negative Roentgen examination of the affected joint did not show any 
bony abnormality A year later, after persistent joint pain, roentgen examination 
again failed to show any bony abnormality 

Despite careful dental attention there was no improvement In 1937 a course of 
therapy with a preparation containing organic iodine and casein (activin) was 
ineffective In 1939 more thoroughgoing laboratory studies were performed 

The urine was reported to contain alkapton bodies The hemoglobin concen- 
tration was 77 per cent (Sahli) The white cell count was 6,500, with 59 per cent 
polymorphonuclear leukocytes (all segmented), 37 per cent lymphocytes, 2 per cent 
mononuclear leukocytes and 2 per cent eosinophils There was some basophilic 
stippling of the red corpuscles The erythrocyte sedimentation time was normal 
Per hundred cubic centimeters the blood contained 12 mg of urea nitrogen, 95 mg 
of sugar, 210 mg of cholesterol, 115 mg of estenfied cholesterol, 9 6 mg of 


Effect of the Administration of Ascoibic Acid on the Urinary Excretion of 
Homogentisic Acid by a Patient with Alkaptonuna 





Urine 

Homogentisic Acid 




Excreted, 

Excreted, 

Date 


Medication 

Cc / 24 Hr 

Gm /24 Hr 

3/10/40 

None 


2,600 

9 62 

3/17/40 

300 mg 

of ascorbic acid daily for 3 preceding days 

2,150 

683 

3/20/40 

None 


2,370 

10 70 

4/17/40 

300 mg 

of ascorbic acid daily 

2,100 

6 91 

4/22/40 

300 mg 

of ascorbic acid daily 

1,750 

6 48 

4/23/40 

300 mg 

of ascorbic acid dally 

1,900 

6 46 

G/19/40 

None 


1,700 

914 


calcium, 7 7 King- Armstrong units of phosphatase and 8 6 mg of uric acid The 
urine of each of the patient's 2 children was found to be free of alkapton bodies 
The urine of the patient’s mother, who had diabetes, contained a reducing substance, 
which turned out to be sugar and not homogentisic acid 

Course of Illness — The patient began complaining of pain in the left sterno- 
clavicular joint as well Another roentgenogram, taken m September 1940, showed 
considerable formation of new bone above the right sternoclavicular joint, with 
the formation of a spur 3 cm from the proximal end of the clavicle The articular 
margin of the sternum was irregular and showed evidence of formation of new 
bone The left sternoclavicular joint showed some evidence of osteoarthritis The 
roentgenologist suggested that the changes on the right side were probably due 
to an osteoarthntic process 

On a second determination the blood level of uric acid was 7 9 mg per hundred 
cubic centimeters After the administration of tincture of colchicum seed up to 
tolerance the blood level of uric acid rose to 13 3 mg per hundred cubic centimeters, 
probably because of mobilization, since it dropped back to 8 6 mg per hundred cubic 
centimeters with abatement of the effect of the colchicum seed After exhibition 
of the drug there was marked amelioration of the arthritic symptoms 

Metabolic Studies — Because of the improvement after the administration of 
ascorbic acid reported by other authors it was decided to perform quantitative studies 
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of urinary excretion of homogenfisic acid to determine any possible influence of 
vitamin C The diet was not weighed but was kept approximately constant The 
determinations of alkapton were made according to the silver reduction method 
of Baumann 34 The accuracy of this method was supported by confirmatory results 
of determinations done according to the method of Lieb and Lanyar 35 The results 
are summarized in the table 

While the patient was taking ascorbic acid, one determination of the total amount 
excreted in a single day yielded a value of 273 mg The urine, which formerly 
darkened after standing several hours, did not become dark after standing seventy- 
two hours However, the under garments continued to be blackened as before, 
when the patient was incontinent The ingestion of ascorbic acid did not affect 
the blood level of uric acid, which was 7 9 mg per hundred cubic centimeters 
during the period of vitamin medication, nor did it affect the arthritic symptoms 
The tincture of colchicum seed did not affect the excretion of homogentisic acid 
A short trial of administration of vitamin E did not produce either clinical or 
laboratory improvement 

At present the patient is improved, probably because of the tincture of colchicum 
seed which she is continuing to take periodically Ascorbic acid (150 mg per day) 
is also being taken in an attempt to avoid future ochronosis The prescribed diet is 
low in purine 

COMMENT 

Most of the clinical and experimental evidence at hand points to the 
existence of homogentisic acid as an intermediate pioduct of normal 
pi otem metabolism Gross 3G stated that noi mal serum destroys homo- 
gentisic acid, with the probable production of acetone Thus, it is 
apparent why alkapton bodies cannot be recovered under ordinary cu- 
cumstances However, transient alkaptonuria has been noted m associ- 
ation with illness, S7 and established alkaptonuria has disappeared during 
periods of starvation 38 Furthermore, alkaptonuria can be produced 
experimentally by feeding excessive amounts of phenylalanine 10 One 
of Abderhalden’s laboratory assistants excreted homogentisic acid for 
twenty-four hours after ingesting a large amount of tyrosine 

The diagram, adapted from Neubauer, illustrates the probable course 
of tyrosine catabolism 

Gross expressed the opinion that patients with alkaptonuria lack an 
enzyme which is responsible for the last step m the diagram The bieak- 
mg of the benzene ring is the essential characteristic of this transition 
Administration of tryptophan does not altei the ratio of homogentisic 

34 Baumann, E Ueber die Bestimmung der Homogentismsaure in Alkapton- 
harn, Ztschr f physiol Chem 16 268, 1892 

35 Lieb, H , and Lanyar, F Ueber die jodometrische Bestimmung der 
Homogentismsaure in Harn, Ztschr f physiol Chem 181 199, 1929 

36 Gross, O Ueber der Einfluss des Blutserums des Normalen und des 
Alkaptonunkers auf Homogentismsaure, Biochem Ztschr 61 165, 1914 

37 Garrod 1 Furmss 30 

38 Katsch 24 Braid and Hickmans 29 
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acid excietion nitrogen excretion m patients with alkaptonuria This 
fact seems to contravert Gross’s contention, since this ammo acid also 
contains a benzene ring However, in this instance the benzene ring- 
is part of the indole grouping, and its catabolism differs from that of 
t>rosme and of phenylalanine, which are the only parent substances of 
homogentisic acid 

It is true that the formulas shown represent merely a logical path of 
catabolism, without positive proof The fact that even m patients with 
alkaptonuria the excretion of homogentisic acid is not quantitatively 
proportional to the ingested tyrosine or phenylalanine suggests a dis- 
torted, instead of an interrupted, catabolic pathway However, this 
hypothesis does not consider the possibility of the utilization of these 
ammo acids in protein synthesis or storage The administration of 
ascorbic acid resulted m a decrease m alkapton excretion of roughly 30 
per cent Since the test employed was one involving silver reduction, 
the presence of vitamin C a reducing agent, introduced an error, which. 
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The probable course of tjrosine catabolism (adapted from Neubauer) 


if one considers the determination of ascorbic acid excretion, apparently 
did not exceed 5 per cent It will be recalled that the darkening of the 
urine did not occur during the administration of ascorbic acid, although 
the under garments still were blackened A similar observation was also 
made by Sealock and associates 21 Although it appears that a true 
reduction m the excretion of homogentisic acid was effected, it is prob- 
able that the effect of vitamin C was mei ely secondary in the urine 

From the data presented, it is evident that although the administra- 
tion of quantities of vitamin C well in excess of the estimated normal 
daily requirement appeared to lower the output of homogentisic acid, 
the fundamental distortion of metabolism was not affected The apparent 
sparing action of vitamin C does not provide the answer to the question 
of the nature of the intrinsic deficiency If it did, complete elimination 
of alkapton bodies from the urine would be expected 

It is tempting to speculate about a possible causative relation between 
the alkaptonuna and the hyperuricemia in the case presented Because 
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of the favorable symptomatic response to tincture of colchicum seed, 
which was accompanied by alteration of the blood level of uric acid, it 
might be permissible to ascribe the hyperuricemia to the existence of 
true gout But it is felt that there is insufficient evidence to justify such 
a claim From what little is known of the two conditions, alkaptonuria 
and gout, there is some similarity of disease pattern They are both 
appai ently due to some specific intrinsic deficiency There is abnormal- 
ity of nitrogen metabolism in both, and in both there is destruction of 
cartilage and replacement by an abnormal metabolic deposit, severe 
joint manifestations occurring late m both diseases However, beyond 
these superficial resemblances, the characteristics are divergent and need 
no elucidation here If there were any significant causative relation, 
other cases of coexistent alkaptonuria and gout would surely have been 
described A careful scrutiny of the literatuie failed to disclose a single 
additional case in which alkaptonuria and gout (or hyperuricemia) 
were coexistent Ravold and Warren ! ° reported a case in which they 
were able to demonstrate diminished urinary excietion of uric acid but 
gave no figures for blood levels of unc acid They mentioned several 
authors who demonstiated apparent decreases m excretion of uric acid, 
as well as several who made no reference to such a decrease No data on 
the blood were available to Ravold and Warren, and there were appar- 
ent!) no clinical manifestations to suggest gout Adler 40 described a 
case in which excretion of uric acid remained constant during a rise in 
excretion of homogentisic acid In the case described by Gibson and 
Howard 18 there was moderately high unnary excretion of uric acid, 
but no determination of the blood level of uric acid was made 

If there existed any fundamental relation between the alkaptonuria 
and the iiyperuricemia in this case, any therapeutic attempt effective 
for one condition might have been expected to exert some effect on the 
other This did not occur Nevertheless, because it is reasonable to 
expect a common causation for the components of any syndrome, despite 
the lack of definite evidence for it in this case, the presence of two con- 
ditions reflecting distinct metabolic disorders in a single person may be 
moie than an interesting coincidence 

summary 

A case of alkaptonuria with hyperuricemia is presented This is 
the first reported case in which these two conditions representing distinct 
metabolic disturbances have been coexistent There was apparently no 

39 Ravold, A , and Warren, W H A Case of Alcaptonuria, J Biol Chem 
7 465, 1910 

40 Adler, O Ueber Alkaptonurie, Biochem Ztschr 21 5, 1910 
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connection between the two disturbances, and laboratory studies and 
therapeutic efforts failed to reveal any 

Reduction in excretion of homogentisic acid was noted after the 
administration of ascorbic acid It is probable that this was a secondary 
effect, because (a) ascorbic acid merely by virtue of its reducing proper- 
ties can prevent darkening of the urine and (6) complete absence of 
homogentisic acid from the urine was not achieved 

Administration of ascorbic acid did not affect the blood level of uric 
acid, nor did administration of tmctuie of colchicum seed affect the 
excietion of homogentisic acid 

The mechanism of alkaptonuria is discussed 

Dr M Volterra performed the determinations of homogentisic acid 

111 East Seventy-Fifth Street 



EFFECT OF MASSIVE DOSES OF VITAMIN D ON 
CALCIUM AND PHOSPHORUS METABOLISM 

OBSERVATIONS ON PATIENTS WITH ATROPHIC SPONDYLITIS AND 
WITH DEGENERATIVE ARTHRITIS Or THE SPINE 

KARL P KLASSEN, MD + 

AND 

GEORGE M CURTIS, MD 

COLUMBUS, OHIO 

An adequate intake of vitamin D is essential for the optimal utiliza- 
tion of calcium and phosphoius m the normal metabolism of the human 
body The minimal daily lequirement is unknown, there being no con- 
clusive experimental data on this subject It is generally assumed that 
a daily intake of 300 to 600 U S P units of vitamin D is sufficient 
This is supplied to healthy persons by a well balanced diet and exposure 
to sunlight In persons with chronic arthritis there may be inadequacy 
m both these factors This has been suggested by Irons, 1 who recom- 
mended that the deficiency be met by increasing the intake of vitamin D 
Buckley 2 advocated the use of cod liver oil as part of the general treat- 
ment of arthritis 

In recent years vitamin D has been used extensively in amounts 
greater than its physiologic requirement in the treatment of arthritis 
It was originally so used in massive doses by Dreyer and Reed 3 Differ- 
ent investigators have leported their experience with this form of 
therapy, howevei, the results have not been uniform Some patients 
showed definite improvement, while in others there was no appreciable 
change It is difficult to evaluate reported therapeutic results in chronic 
arthritis as there is no uniform method of recording the clinical changes 
Spontaneous remissions and seasonal variations are known to occur 

Reports in the literature show a wide variation in the laboratory 
findings following massive dose therapy with vitamin D Dreyer and 
Reed 3 found the serum calcium elevated to as high as 30 mg per hun- 

* Comlv Fellow in Research Surgerv 

From the Department of Research Surgerv, Ohio State University 

This investigation was aided by a grant from Mr William Wallace Kincaid, 
Ellershe-on-Niagara, Youngstown, N Y 

1 Irons, E E Chronic Arthritis A General Disease Requiring Individual- 
ized Treatment, Ann Int Med 9 1695 (June) 1936 

2 Buckley, C W Prognosis in Arthritis, Lancet 1 1023 (May 2) 1936 

3 Dreyer, I , and Reed, C I Treatment of Arthritis with Massive Doses 
of Vitamin D, Arch Phys Therapy 16 537 (Sept ) 1935 
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dred cubic centimeters, while Wyatt and his associates 4 5 6 reported an 
increase of only 0 75 to 0 95 nig per hundred cubic centimeters Tn 
many cases of atrophic arthritis there was a subsequent decrease m the 
sedimentation rate Steck c reported that increased bone density was 
noted after the administration of vitamin D to patients with atrophic 
arthritis No changes were observed by Vrtiak and Lang 0 The last- 
named authors, moreover, noted signs of toxicity m all their patients 
receiving massive doses In a large series of cases Steck and his asso- 
ciates 7 8 observed toxic effects m 8 per cent of their patients Dreyer and 
Reed 2 failed to find any relation between high serum calcium and 
toxicity No complete studies of calcium and phosphorus metabolism 
were included in the previous reports concerning the effects of high 
levels of vitamin D in patients with chronic arthritis 

There is extensive literature on the subject of vitamin D and its 
relation to calcium and phosphorus metabolism Most studies were made 
on experimental animals, while data on normal human subjects are 
incomplete Albright and Sulkowitsch f reported the effect of massn e 
doses of vitamin D on calcium and phosphorus metabolism in 3 patients 
with hypoparathyroidism They concluded that the m am action of 
vitamin D is to increase the absorption of calcium from the intestinal 
tract, with resultant secondary changes m the phosphorus metabolism 

Minor changes encountered in the bones of patients with chronic 
arthritis have led different investigators to the conclusion that there may 
be a disturbance in calcium and phosphorus metabolism in this disease 
There is no known dysfunction of the parathyroids associated with 
chronic arthritis Ropes and associates 9 failed to find any primary 
disturbance in calcium and phosphorus metabolism m patients with 
degenerative and with atrophic arthritis 

4 Wyatt, B L , Hicks, R A , and Thompson, H E Massive Doses of 
Vitamin D in the Treatment of Proliferative Arthntis, Ann Int Med 10 534 
(Oct) 1936 

5 Steck, I E Clinical Experience m the Treatment of Arthritis with 
Massive Doses of Vitamin D, Illinois M J 71 243 (March) 1937 

6 Vrtiak, E G, and Lang, R S Observations on the Treatment of Chronic 
Arthritis with Vxtamm D, J A M A 106 1162 (April 4) 1936 

7 Steck, I E , Deutsch, H , Reed, C I , and Struck, H S Further 
Studies on Intoxication with Vitamin D, Ann Int Med 10 951 (Jan) 1937 

8 Albright, F , and Sulkowitsch, H W The Effect of Vitamin D on the 
Calcium and Phosphorus Metabolism Studies on Four Patients, J Clin Investi- 
gation 17 317 (May) 1938 

9 Ropes, M , Short, C L , Rossmcisl, E, and Bauer, W Calcium and 
Phosphorus Metabolism in Rheumatoid and Degenerative Arthritis, J Clin 
Investigation 16 675 (July; 1937 
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An increased loss of calcium has been demonstrated in the majority 
of patients with hyperthyroidism 10 Basal metabolic rates were studied 
in a number of patients with clnonic aithritis by Pembeiton and Tomp- 
kins 11 , Cecil, Barr and DuBois 12 , Hench 13 and, more lecently, Rawles 
and his associates 14 They repoi ted the basal metabolic rate was within 
the limits of normal in the majonty of the patients investigated The 
incidence of low basal metabolic rates was gi eater in patients with degen- 
erative arthritis In patients with active atrophic arthritis there was a 
slight elevation of the basal metabolic rate 

A number of selected patients have been treated with massive doses 
of vitamin D m our clinic, but uniform lesults have not been obtained 
By placing certain of these patients in the hospital under controlled man- 
agement and studying their calcium and phosphorus metabolism, an 
attempt was made to determine ceitain of the actual metabolic changes 
produced by massive doses of vitamin D We were also interested m 
possible changes produced by such treatment in the function of the 
parathyroids and the thyroid 

METHOD AND MATERIAL 

The 4 patients selected for this investigation all had chronic arthritis of the 
spine Their ages varied from 28 to 71 years The 2 younger patients, E M 
and A G, had active atrophic spondylitis, while the 2 older ones, J C and 
M C, had degenerative arthritis of the spine The essential features of the his- 
tories, as well as the results of physical and laboratory examination, are summarized 
m the case reports The nature and the purpose of this investigation were explained 
to the patients, and all 4 cooperated well m the collection of specimens 

The routine methods employed were used by Puppel and Curtis 10a The calcium 
and the phosphorus intake was maintained at a relatively low level by eliminating 
foods with a high content of these elements, nevertheless, a palatable diet was 
provided, such as would be tolerated by the patients over the long periods of 
investigation The patients ate all their food, and there was no change in the 
individual diet during the thirty-six days of observation Distilled water was 
used and its daily intake maintained at a constant level Sedatives and analgesics 
were employed occasionally The drugs given did not contain calcium or phos- 
phorus During the investigation the patients were up and about the ward 

10 (a) Puppel, I D , and Curtis, G M Calcium and Iodine Metabolism in 

Thyroid Disease, Arch Int Med 58 957 (Dec) 1936 ( b ) Puppel, I D , 

Klassen, K P , and Curtis, G M The Calcium Metabolism m Thyroid Disease, 
West J Surg 48 374 (June) 1940 

11 Pemberton R, and Tompkins E H Studies on Arthritis in the Army 
Based on Four Hundred Cases II Observations on the Basal Metabolism, Arch 
Int Med 25 241 (April) 1920 

12 Cecil, R L , Barr, D P , and DuBois, E F Clinical Calorimetry 
XXXI Observations on the Metabolism of Arthritis, Arch Int Med 29 583 
(April) 1935 

13 Hench, P S Systemic Nature of Chronic Infectious Arthritis, Atlantic 
M J 28 425 (April) 1935 

14 Rawles, W B , Reese, A A , Gruskin, B , and Gordon, A S Thyroid 
Activity m Chronic Arthritis, Ann Int Med 11 1401 (Feb ) 1938 
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The investigation of each of the 4 patients was maintained for thirty-six days 
This was subdivided into three mam divisions, each of four three day periods 
The control period constituted twelve days This was followed by twelve days 
during which the patients were given a high vitamin D intake The preparation 
used in these studies was an activated ergosterol 15 assayed to contain 50,000 
U S P units of vitamin D per capsule The initial daily dose of 200,000 units 
was increased to 400,000 during the second three day period, then to 600,000 and 
1,000,000 units daily, during the third and the last three day period, respectively 
No vitamin D was given during the last twelve days of investigation 

The basal metabolic rate was determined on the morning of the first day of 
each period A specimen of blood was drawn the same morning while the subject 
was fasting and analyzed within a few hours The serum calcium was determined 
by the Clark and Colhp 16 method and the inorganic phosphorus and the serum 
phosphatase by the methods of King 17 The total calcium content of the food, 
feces and urine was determined by the method of Puppel and Curtis, 10,1 while the 
total phosphorus content was determined by a modification of the King 17a method 
All specimens were analyzed in duplicate, and analyses were repeated when adequate 
checks were not obtained 

Case 1 — History — M C , a 57 year old white housewife, was admitted to the 
hospital on Dec 28, 1937 Approximately eight years prior to admission severe 
pain had developed m her hands and feet This was followed by pain m her back 
and shoulders Her discomfort was relieved by salicylates In 1935 she had had 
an attack of acute pain m the upper right quadrant of the abdomen, not associated 
with jaundice This condition was given the diagnosis of acute cholecystitis She 
had had an appendectomy at the age of 25 and a hysterectomy at 35 

Physical Examination — The patient was pale and somewhat emaciated There 
was limitation of motion in the entire spine, particularly in the cervical portion 
The spinal muscles were spastic and hypertrophied The reflexes were normal 

Laboi atory Examination — The hemoglobin content was 13 6 Gm per hundred 
cubic centimeters, with a red cell count of 4,820,000 The sedimentation rate was 
0 3 mm per minute The total white cell count was 4,000, with a normal differ- 
ential count The blood level of urea nitrogen was 14 mg per hundred cubic 
centimeters There was a trace of albumin in the urine The Wassermann reaction 
and the Kahn reaction were negative The icteric index was 6 An intravenous 

15 The preparation employed was ergosterol activated by the Whittier method 
(electrical activation of heat-vaporized ergosterol) This preparation (ertron, 
supplied for this investigation by the Nutrition Research Laboratories, Inc , 
Chicago) has not been accepted by the Council on Pharmacy and Chemistry of 
the American Medical Association There have been published claims that it is 
less toxic m equivalent doses than are other preparations of activated ergosterol 
These claims have, however, been questioned (Freyberg, R H Treatment of 
Arthritis with Vitamin and Endocrine Preparations, J A M A 119 1165 [Aug 8] 
1942 Freeman, S Irradiated Ergosterol Poisoning, Correspondence, ibid 119 
968 [July 18] 1942) 

16 Clark, E P , and Colhp, J B A Study of the Tisdall Method for the 
Determination of Blood Serum Calcium with a Suggested Modification, J Biol 
Chem 63 461 (March) 1925 

17 (a) King, E J The Colorimetric Determination of Phosphorus, Bio- 

chem J 26 292, 1932 ( b ) King, E J , Haslewood, GAD, and Delory, G E 

Micro-Chemical Methods of Blood Analysis, Lancet 1 886 (April 10) 1937 
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cholecystogram showed a normal gallbladder Roentgen examination revealed 
lipping of the vertebral bodies of the entire spine, most marked in the dorsal 
portion The intervertebral spaces were narrowed, and the vertebral bodies showed 
rarefaction The apophyseal joints were normal There was extensive calcifi- 
cation of the abdominal aorta 

Diagnosis — The diagnosis was degenerative arthritis of the spine 

Conise of Illness During Hospitalisation — This patient did not show any 
improvement while in the hospital Salicylates and codeine were given for the 
relief of pam No changes were noted in the blood, and the blood level of urea 
nitrogen was IS mg per hundred cubic centimeters at the time of discharge from 
the hospital Roentgenograms taken five months later were not appreciably different 
from the initial ones 

Case 2 • — Histoi y — E M , a 28 year old white farmer, was admitted to the 
hospital on March 1, 1938 At the age of IS he had experienced pam and 
swelling in his ankles This lasted about a \ ear and was followed by mvohe- 
ment of both knees At the age of 20 he had become aware of pam and stiffness 
m both hips and in the lower portion of his back The stiffness progressed, 
and gradually over a period of six years the entire spine had become involved 
Marked forward bowing occurred and was associated with sharp radiating pam 
m his back The limitation of motion m his hips also progressed, and during the 
two years before admission both shoulders had become involved There was no 
history of severe illness The patient stated he had never had a syphilitic or a 
gonorrheal infection He had had a partial thyroidectomy for nontoxic nodular 
goiter at the age of 25 

Physical Examination — The patient was pale and emaciated and walked vith 
a waddling gait Chest expansion was limited, and breathing was diphragmatic 
There was a systolic murmur The heart was normal m size The patient had 
moderate kyphosis, with complete fusion of the spme up to the middorsal region 
and little motion in the upper dorsal and the cervical portion of the spine The 
motion m both shoulders and hips was greatly reduced m all directions, and there 
was pam on forced motion The reflexes were normal 

Laboratory Examination — The hemoglobin content was 14 0 Gm per hundred 
cubic centimeters, with a red cell count of 4,450,000 The sedimentation rate was 
1 4 mm per minute The white cell count was 8,000, with an essentially normal 
differential count The blood level of urea nitrogen was 15 0 mg per hundred 
cubic centimeters The Wassermann reaction and the Kahn reaction were negative 
The urine was normal Roentgenograms showed extensive calcification of the 
anterior and the lateral ligaments of the vertebral bodies and moderate kyphosis 
of the spme, without narrowing of the intervertebral spaces The apophyseal and 
the sacroiliac joints were completely obliterated The articulation of the os pubis 
at the symphysis was completely calcified The articular spaces of the hip joints 
were normal, with lipping of the rim of the acetabulum There was obliteration 
of the costovertebral joints 

Diagnosis — The diagnosis was atrophic spondylitis 

Couise of Illness During Hospitalization — During the administration of vitamin 
D the patient’s appetite mci eased and he had less pain There ensued 10 pei 
cent more motion in his hips, with some resultant improvement in his gait On 
April 16 the sedimentation rate of the blood had decreased to 0 6 mm per minute 
No other changes in the blood were noted 
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Case 3—Histoiy — J C , a 71 year old white retired salesman, was admitted 
to the hospital on March 4, 1938 When he was 69, radiating pain had developed 
in his right shoulder and elbow This was partially relieved by salicylates Four 
months pnor to admission he noticed sensory disturbances in his left arm and in 
his shoulders, associated with stiffness and pain in his neck These symptoms 
were present continuously and were not related to exertion The past history 
was noncontributory 

Physical Examination — The patient was slightly obese There was limitation 
of motion in his neck and in his left shoulder 

Laboiatory Examination — The red cell count was 5,400,000, with a hemoglobin 
content of 16 7 Gm per hundred cubic centimeters The sedimentat on rate was 
0 2 mm per minute The total white cell count was 4,700, with a noimal diffeien- 
tial count The urine was normal The Wassermann reaction and the Kahn 
leaction were negative The blood level of urea nitrogen was 14 mg per hundred 
cubic centimeters Roentgenograms revealed marked lipping of the entire spine, 
most evident m the cervical portion The intervertebral spaces were narrowed 
The apophysial joints were normal There was complete calcification of the 
anterior ligaments of several vertebral bodies 

Diagnosis — The diagnosis w r as degenerative arthritis of the spine 
Couise of Illness Dining Hospitalization — There was no great change m the 
symptomatology throughout the patient’s stay in the hospital The attacks of 
pam did become less seveie and less frequent There was no change in the blood 
picture, and the blood level of urea nitrogen remained the same No change was. 
noted m the roentgen appearance of the spine 

Case 4 — Hisioiy — A G, a 31 year old white farmer, was admitted. io the 
hospital on Dec 1, 1937 He had been normal up to the age of 18, when for 
about three months he had suffered with acute pain and swelling in various 
joints of his body This condition had then improved, and he had remained sj mptoni 
fiee until the age of 23 At that time he had noted sharp, radiating pain in the 
lower portion of his back and in his hips Associated with this was a progressive 
stiffening of the lower portion of his back, which had gradually ascended to 
involve the entire spine His back had become fixed in a bent-forward position, 
and he had become unable to do his farm work because of the pam and deformity. 
The hip joints were stiff, but the bones did not fuse The patient stated that he 
had not had any syphilitic or gonorrheal infection 

Physical Examination — The patient was somewhat emaciated and walked with, 
a waddling gait The thoracic cage was fixed and flattened, and breathing was 
diaphragmatic The extremities were normal except for the limitation of motion 
in both hips, with pain on forced motion The reflexes were normal There was 
marked kyphosis of the entire spine, with the maximum curvature in the dorsal 
portion The entire spine appeared to be completely fused 

Laboiatory Examination — The hemoglobin content was 14 1 Gm per hundred 
cubic cemtimeters, with a red cell count of 5,200,000 The sedimentation rate was 
0 7 mm per minute The white cell count was 7,650 with a normal differential 
count The blood level of urea nitrogen was 14 0 mg per hundred cubic centi- 
meteis The urine was normal The Wassermann reaction and the Kahn 
reaction \Vere negative Roentgenograms levealed a “bamboo” t\pe of spine, 
with calcification of the longitudinal ligaments, thinning of the intervertebral 
spaces and rarefaction of the vertebral bodies There was complete fusion of the 
apophysial and the sacroiliac joints The articular spaces of the hip joints were 
narrowed and presented c>stic and sclerosing changes in the acetabulum and the 
head of the femur There was lipping of the acetabular rim 
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Diagnosis — The diagnosis was atiophic spondylitis 

Coarse of Illness During Hospitalization — During and also following admini- 
stration of vitamin D there ensued improvement in the patient’s appetite He 
noted less pain and there was improvement in his gait On Jan 18, 1938 the 
sedimentation late of the blood was 09 mm per minute There was no other 
change in the blood picture Roentgenograms revealed no change from those 
taken on admission 

EXPERIMENTAL RESULTS 

Conti ol Pei wd — Daily samples of food taken from that served to 
the patients and analyzed at different intervals throughout the entire 
period of investigation showed the average calcium intake to range from 
0 930 to 1 588 Gm per three day period On this intake the calcium 
balance remained negative m all 4 patients during the twelve day control 
period (tables 1 and 2, figs 1 and 2) This negative balance was most 
evident m M C , averaging 0 558 Gm on an average three day intake 
of 0 930 Gm The lowest average negative balance occurred in A G , 

0 178 Gm on an intake of 1 4 Gm of calcium per three day period This 
increased total excretion ovei the intake of calcium is normal for patients 
maintained on a low calcium intake 

The phosphorus intake m the food was fairly constant in all 4 patients 
The lowest thiee day intake was that of M C , 1 924 Gm The highest 
intake was that of E M , 2 235 Gm per three day period The negative 
balance shown (tables 1 and 2) in these patients is normal The highest 
negative phosphorus balance occurred m E M , 0 339 Gm (table 2) 

J C ’s (fig 1) intake and output were approximately equal 

The urinary excretion of calcium during the control period was within 
normal limits in all 4 patients There was considerable individual varia- 
tion which was not directly related to the amount of calcium ingested in 
the food The highest excretion per period, 0 502 Gm , was that of 
A G (fig 2) The excretion by E M , on a higher calcium intake, 
was 0 075 Gm (table 2) The fecal excretion of calcium was higher 
than the intake for 3 patients A G ’s fecal excretion was low, 1 076 
Gm , while the high urinary excretion compensated and was mainly 
responsible for the negative balance 

The excretion of phosphorus in the urine was normal m all 4 patients 
The lower values were obtained on the older patients It varied from 

1 221 to 1 640 Gm per three day period The fecal excretion of phos- 
phorus was much lower than the ui inary loss It was related to the 
phosphorus intake in the food 

The serum calcium was slightly higher in the patients with atrophic 
spondylitis In the same patients there was a fluctuation of about 5 
per cent m the different determinations made during the control period > 
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* Patient EM, a man aged 28 The diet supplied 2,040 calories and 58 Gm of protein The changes in the calcium and the phosphorus balance following a high 
vitamin D intake are essentially the same as those reported for patient M C (table 1) There was a slight rise in serum calcium, with a fall in phosphatase 
activity, following the high intake of vitamin D 
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The aveiage for the 4 patients varied from 9 6 to 10 1 mg per hundred 
cubic centimeters, which is normal The inorganic serum phosphorus 
showed considerable variation, averaging from 3 5 to 4 8 mg per hun- 
dred cubic centimeters These values are within the limits of normal 
In the 2 patients with atrophic spondylitis the phosphatase activity 
was rathei constant The average of four determinations was 8 4 King 



Fig 1 (case 3, J C ) — The increased urinary excretion, decreased fecal 
excretion and diminished negative balance of calcium and phosphorus following 
the administiation of massive doses of vitamin D There is also a slight increase 
in serum calcium, serum inorganic phosphorus and phosphatase activity during 
the period of high vitamin D intake 

units per hundred cubic centimeters of serum m E M (table 2) and 8 1 
King units per hundred cubic centimeters in A G (fig 2) JC 
(fig 1) had the lowest values, with an average of 4 1 King units per 
hundred cubic centimeters This is normal for a patient of this age 
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group In our laboratory the lowest values have occurred in patients 
past the age of 60, in whom the phosphatase activity ranges from 2 0 
to 7 0 King units per hundied cubic centimeters The highest phos- 
phatase activity occuried in M C (table 1), averaging 9 1 units in four 
determinations This is above the normal values for patients of this age 
In our series of ovei three hundred determinations the average for 



Fig 2 (case 4, A G ) — Note how this patient’s response to high utamm D 
intake differs from that of J C (fig 1) There is a marked increase m the 
urinary excretion both of calcium and of phosphorus, with a resultant greater 
negative balance of each The serum calcium and the serum inorganic phosphorus 
are both increased The basal metabolic rate shows a gradual fall 

normal adults is 6 3 units, with a gradual fall in patients past middle life 
In patients with obstructive jaundice the average phosphatase activity 
is increased to approximately 20 units and m patients with osteitis 
deformans the unitage was 50 to 130 per hundred cubic centimeters of 
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serum depending on the degree of involvement M C had complained 
of vague pain in the right upper quadrant of the abdomen, a symptom 
suggestive of 'disease of the gallbladdei The icteric index was normal 
The bromsulphalem test showed normal hepatic function An intra- 
venous cholecystogram revealed a normal gallbladder. We are other- 
wise unable to explain the increased phosphatase activity m this patient 
The basal metabolic rates of the 4 patients ranged from — 15 to 
-f- 21 per cent There was great variation in the individual determina- 
tions, and the average for each patient langed between +9 and — 9 
per cent during the control period The third and the fourth deteimi- 
nation made during the control period was lower 

Period of Administration of Vitamin D — During foui three day 
periods vitamin D was given, beginning with a dose of 200,000 U S P 
units per day This was increased by 200,000 units during each of the 
two succeeding three day periods (figs 1 and 2) During the last period 
each patient received 1,000,000 units per day None of the patients 
showed signs of toxicity, there were no gastrointestinal disturbances 
There was no great change in the symptoms during the earlier part of 
this period The patients still required analgesics for the relief of pam 
During the last three days there ensued an increase in appetite, and 
the 2 patients with atrophic spondylitis had less discomfort There was 
neither loss of weight nor marked change in the clinical pictuie The 
blood pressure remained normal There was no change m the amount 
of urme excreted daily 

The changes produced m the metabolism of calcium and phosphorus 
were stukmg (tables 1 and 2, figs 1 and 2) Three patients showed a 
decrease in the negative balance, while A G (fig 2) increased the total 
excretion both of calcium and of phosphorus m the feces and in the 
urme, as compared with excretion during the control period 

In all 4 patients there was a marked increase m the urinary excretion 
of calcium (tables 1 and 2, figs 1 and 2), which reached its highest con- 
centration during the last three days, when the intake of vitamin D was 
1,000,000 units per day The concentration of urinary calcium was 
increased from 40 to 120 per cent The urinary excretion of calcium 
by A G (fig 2) was 1 165 Gm , which approximated the total amount 
ingested m food In 3 patients the excretion of calcium m the feces was 
decreased from 310 to 335 mg less than during the control period In 
A G the fecal excretion of calcium was slightly inci eased With the 
high urinary excretion of calcium there resulted the marked negative 
calcium balance observed m this patient 

There was a shift m the negative balance of phosphoius toward the 
positive side in 3 patients, mainly because of a decrease in the fecal 
excretion of phosphorus The urinary excretion of phosphorus was 
diminished inj C and E M , while m M C it showed a small increase 
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In A G , however, both the urinary and the fecal exci etion of phos- 
phorus was increased, pioducing a negative balance of 0 446 Gm , as 
compared with the negative balance of 0 116 Gm during the control 
period 

There was no appieciable change in the aveiage level of seium cal- 
cium during the entire period of adnunistiation of vitamin D In 2 
patients it rose slightly during the last thiee day period, in M C it 
showed no change, and in A G there was a definite fall m the serum 
calcium The serum inorganic phosphorus was increased during the 
last three day period in all 4 patients 

The serum phosphatase activity showed great variation m all 4 
patients The average activity was decreased m 3 patients and increased 
in 1, M C (table 1) We are unable to explain this high phosphatase 
use The highest value, IS 5 King units pei hundred cubic centimeteis, 
was increased by more than 100 pei cent over the normal The basal 
metabolic rates weie lower than average during this period The fall, 
however, was not progi essive with the increasing doses of vitamin D 

Period Following Administration of Vitamin D — During the last 
twelve days of investigation the patients did not leceive any medication 
with vitamin D Slight subjective improvement ensued in the 2 patients 
with atrophic spondylitis In J C the attacks of acute pam in the 
shoulders and arms wei e less sevei e and occurred less frequently Thei e 
was no change m the condition of BI C , and analgesics were continued 
for the relief of severe pain Theie was an increase m the appetites of 
all 4 patients 

The metabolic effect of vitamin D continued through this period 
{tables 1 and 2 and figs 1 and 2) In J C the positive calcium balance 
0 112 Gm per three day period, continued, while in E M it was 
0 028 Gm M C lemamed m negative balance, however, this decreased 
fiom 0 558 Gm during the control period to 0 486 Gm In A G theie 
■was a further increase m the negative balance, with a loss of 0 833 Gm 
of calcium per three day period . 

The maximum use m the urinaiy concentration of calcium occuired 
dunng this period, aveiagmg 13 2 mg pei hundred cubic centimeteis 
for all 4 patients, as compared with 4 8 mg per hundred cubic centi- 
meters during the control period The fecal excretion of calcium was 
low m 3 patients, while in A G it was mci eased as compared with the 
control period The average level of serum calcium was higher in 3 
patients during this period The highest occuried in E M and was 
113 mg pei hundred cubic centimeters There was no increase m the 
serum calcium m M C 

The phosphorus balance remained approximately the same as during 
the control period There was a slight increase m the urinary excretion 
of phosphorus but a corresponding decrease in the fecal loss M C 
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showed an mciease in the retention of phosphoius, with a positive balance 
of 0 092 Gm per three day pei lod The othei 3 patients remained m 
negative balance The aveiage level of seium inorganic phosphoius was 
increased m 2 patients In E M it was lower, while m J C it showed 
no change 

Thei e was no appi eciable change m phosphatase activity the avei age 
values being lowei than those obsei ved dm mg the conti ol period, except 
in the case of M C , m whom it i emamed at a high level 

The basal metabolic rates averaged lowei m 3 patients and weie 
slightly elevated m J C Theie was no loss of weight or change m pulse 
late or blood piessuie 

COMMENT 

Obsei vations made during the control period confirm the asseition 
of Ropes and associates 9 that theie is no pnmai y distuibance of calcium 
and phosphoius metabolism m patients with degenerative arthritis We 
do not know of any metabolic studies on patients with atrophic spondy- 
litis Golding 18 leported that the seium calcium of patients with this 
condition was at a high normal level The 2 patients whose cases we 
have presented did not show any abnormality m calcium and phosphorus 
metabolism The calcium level, the phosphorus level and the phospha- 
tase activity of the seium weie essentially noimal, as was the urinai y 
excietion of calcium These circumstances would appear to rule out 
paiathyioid dysfunction both in degeneiative arthutis of the spine and 
m atrophic spondylitis 

Nicolaysen 19 has shown that vitamin D increases the absoiption of 
calcium fiom the intestinal tiact of lats He lepoited that the slightly 
increased absoiption of phosphoius is due to this mci eased absorption 
of calcium We conclude that the deci eased fecal excietion of calcium 
in 3 patients dui mg the penod of high vitamin D intake and m the sub- 
sequent period is due to the mci eased absoiption of calcium from the 
intestinal tiact This increased absoiption was rather constant m 3 
patients and aveiaged 0 284 to 0 335 Gm per penod However, theie 
was an mci eased loss of calcium in the urine, this factor appearing to 
be l esponsible foi maintaining the serum calcium at the normal level 

So fai as we aie aware, theie is not as yet any accurate quantitative 
clinical measuiement of the circulating parathyioid hoimone In patients 

18 Golding, F C Spondylitis Ankylopoietica, Brit J Surg 23 484 (Jan) 
1936 

19 Nicolai sen, R Studies upon the Mode of Action of Vitamin D II The 
Influence of Vitamin D on the Fecal Output of Endogenous Calcium and Phos- 
phorus in the Rat, Biochem J 31 107 (Jan) 1937, III The Influence of 
Vitamin D on the Absorption of Calcium and Phosphorus in the Rat, ibid 31 122 
(Jan) 1937 
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without primary distuibance of the calcium and phosphorus metabolism 
(and with normally functioning liver and kidneys) an alteration in the 
activity of the parathyioid glands may be reflected m the phosphatase 
activity of the serum With an associate we 20 have observed low phos- 
phatase activity in the serum of a patient with chronic hypopara- 
thyroidism This was corrected, and the activity remained at higher 
normal levels after a successful transplanting of parathyroid tissue cul- 
ture, as shown by subsequent clinical and metabolic studies 20 Hanson 
and associates 21 and also Albright and Sulkowitsch 8 observed a decrease 
in the serum phosphatase after administration of massive doses of 
vitamin D In 3 of our patients theie was a slight fall in the serum 
phosphatase activity 

It is difficult to explain the diffeient response of A G to large doses 
of vitamin D During the control period he had the highest average 
ui inary excietion of calcium On the administration of vitamin D the 
percentage increase in the concentration of the urinary calcium was 
approximatel} the same as the average of the other 3 patients , however, 
the total urinary output of calcium lose to a much higher level It was 
1 163 Gm per thiee day period at its maximum excretion This was 
almost as high as his calcium intake With the slight increase in fecal 
excretion of calcium this resulted in a negative balance of — 1 102 Gm 
for one period He also differed from the other 3 patients in that the 
unnary excretion of phosphorus was gieatly increased during the twelve 
days of high vitamin D intake Albright has suggested that vitamin D 
may exert an influence on the excietion of phosphoius similar to that of 
the parathyroid hormone, causing the skeletal demineralization encoun- 
tered m certain cases of hypervitaminosis D Such an effect was unde- 
sirable m the case of A G , who had generalized bone atrophy, as shown 
b\ loentgen examination 

Vitamin D as admimsteied in this investigation did not pioduce any 
demonstrable changes m the activity of the thyroid The basal metabolic 
tate dropped slightly However, this drop was similar to that observed 
in noimal persons subjected to repeated determinations of the basal 
metabolic rate It was apparently due to training and the better coopera- 
tion of the patients during the lattei part of the investigation 

There was an increase in the appetite of all 4 patients during and 
also after the administration of high vitamin D This suggests an 
increased activit}*- of the thyroid However, there was no change in 

20 Houghton, B C , Klassen, K P , and Curtis, G M Studies in Human 
Parathyroid Transplantation, Ohio State M J 35 505 (May) 1939 

21 Hanson, A E , McQuarrie, I , and Ziegler, M R Effects of Parathyroid 
and of Vitamin D on Blood Phosphatase, Calcium and Phosphorus in Osteogenesis 
Imperfecta, Endocunology 22 1 (Jan) 1938 
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body weight, pulse rate or blood pressure The excretion of iodine in 
the urine, as revealed by urinalyses for iodine, was not increased m these 
patients Curtis and Puppel 22 have demonstrated an increased loss of 
iodine m the urine m the majority of patients with untreated hyper- 
thyioidism Our patients were all maintained on a constant, controlled, 
low iodine diet It would appear that increased function of the thyroid 
would have been reflected m an increased excretion of iodine in the urme 

Reed and his associates 23 observed an increase m the metabolic rate 
of dogs and of rats after the admimstiation of subtoxic doses of vita- 
min D Since no such results were obtained m thyroparathyroidecto- 
mized dogs, 24 these investigators concluded that vitamin D produced its 
calongemc effect through the thyroid We did not obtain any evidence 
in this investigation to support their conclusions 

Ceilam data suggest that the beneficial results of the administration 
of large doses of vitamin D are due to the resultant increased concen- 
tiation of the serum calcium Thus, Biunschwig 25 has shown that the 
injection of calcium gluconate intravenously diminishes the pam m 
patients with metastatic carcinoma of the skeleton 

We observed that the subjective improvement of 3 patients coincided 
with the rise in the serum calcium, while the fourth, M C (table 1), 
who had no such rise, did not notice any change m her symptoms The 
slight increase in motion of the hips in 2 patients might be explained 
on the basis of decreased pam Roentgenograms did not reveal corre- 
sponding changes in the appearance of the articular surfaces or spaces 

Hubbart 20 in reviewing the literature on hypervitammosis D warned 
against the indiscriminate use of vitamin D in the treatment of patients 
Vitamin D given in toxic doses is said to produce cell degeneiation and 
calcification Detei mining factors are the possible sensitivity of certain 
patients to this vitamin, the dose administered, the duration of treatment 
and the calcium, possibly also the phosphorus, intake The elevation of 
the serum calcium was but small in our patients, yet the urinary excre- 
tion of calcium was increased far above the normal physiologic level Ir, 
the presence of renal damage, infection or alkaline reaction of the urme 

22 Curtis, G M, and Puppel, I D Increased Urinary Iodine of H>pei- 
thyroidism, Arch Int Med 60 498 (Sept ) 1937 

23 Reed, C I , Thackei, E A, Dillman, L M, and Welch, J W The 
Effect of Irradiated Ergosterol on the Metabolism of Normal Dogs, J Nutrition 
<> 355 (July) 1933 Reed, C I Effect of Heavy Administration of Viosterol 
on Metabolism of Rat, Proc Soc Exper Biol & Med 32 274 (Nov ) 1934 

24 Deutsch, H , Reed, C I , and Struck, H C The Role of Thyroid in the 
Calongemc Action of Vitamin D, Am J Phjsiol 117 1 (Sept) 1936 

25 Brunschwig, A Observations on the Administration of Large Doses of 
Calcium in Metastatic Carcinoma in Bone, Am J Cancer 25 721 (Dec ) 1935 

26 Hubbart, A W Hypervitammosis D, Illinois M J 72 253 (Sept) 1937 
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deposition of calcium in tubules 01 calices ceitainly might occui The 
concenti ation of the urinary calcium in 1 of oui patients was as high as 
is encounteied in patients with hypeipaiathyroidism 

The number of patients is too small to draw any conclusions as to 
the efficacy of vitamin D in the treatment of chronic arthritis There 
are m the literature, however, reports covenng large senes of cases 27 
We agree with Irons 1 and Hubbart 20 that vitamin D in massive doses 
should be used with caution and only in patients who aie undei close 
observation and aie followed by fiequent laboratory examination not 
only of the seium calcium but of the concentration of calcium element 
m the urine 

SUMMARY 

Complete studies of calcium and phosphoius metabolism weie made 
on 2 patients with atrophic spondylitis and 2 patients with degenerative 
arthritis of the spine before, during and subsequent to the administration 
of massive doses of vitamin D 15 

There was no primary disturbance in the calcium and phosphorus 
metabolism m the patients with atrophic spondylitis oi with degenerative 
aithritis of the spine 

The administration of massive doses of vitamin D resulted m an 
increased retention of calcium in 3 patients, while the negative calcium 
balance of 1 was increased The urinary excretion of calcium was 
increased for all 4 patients The fecal loss of calcium of 3 patients was 
decreased, and that of 1 was increased Thiee patients had a slight use 
m the concentration of seium calcium 

Subsequent to the admimsti ation of vitamin D a slight increase in 
phosphorus retention ensued in 3 patients, while 1 showed an increase 
m the loss of phosphorus The unnary excretion of phosphorus was 
increased for all 4 patients, while the fecal excretion of 3 was diminished 
and that of 1 was slightly mci eased The serum inorganic phosphorus 
was elevated in 3 patients The phosphate activity of the serum was 
slightly decreased m 3 patients 

Vitamin D in massive doses as administered m this investigation did 
not produce demonstrable changes in the activity of the paiathyroids or 
the thyroid 

Kinsman Hall, Ohio State University College of Medicine 

Ohio State University College of Medicine 

27 Hench, P S Bauer, W , Fletcher, A A Christ, D , Hall, F , and 
White, T P The Problem of Rheumatism and Arthritis Review of American 
and English Literature for 1935 (Third Rheumatism Review), Ann Int Med 
10 754 (Dec ) 1936 Hench, P S , Bauer, W , Christ, D , Hall, F , Holbrook, 
W P , Key, J A , and Slocumb, C H The Present Status of Rheumatism 
and Arthritis Review of American and English Literature for 1936 (Fourth 
Rheumatism Review), ibid 11 1089 (Jan ) 1938 
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anothei died two days after feeding Of 2 animals receiving 1,320 mg 
per kilogiam, 1 was unable to walk for an hour and the other lemamed 
sick and weak for twenty-foui hours One animal after a feeding of 
1,760 mg per kilogram sprawled out immobile foi a long time 

Feedings continued for five to seven days failed to produce any effect 
m 4 animals leceivmg 44 mg per kilogram per day Of 4 leceivmg 
165 mg pei kilogram per day, 1 died on the sixth day, and of 14 
leceivmg 220 mg per kilogram pei day, 1 died, probably because of being 
tube fed while the stomach was distended with food 

The immediate effects of inhalation of pyridine noted in man have 
included flushing of the face, quickening of the pulse and lespiration, 
tempoial headache, a full sensation of the head approaching giddiness 
and a desne to sleep 8 After eight days’ tieatment 1 asthmatic patient 
experienced nausea and vei tigo 9 Lubhnski 10 reported a case m which 
there was marked tiemoi of the limbs with nausea and anothei m which 
there were vomiting, dizziness and severe headache In all cases the 
effects followed inhalations lasting one to one and a half houis Moie 
senous effects were noted by Ludwig 11 when crude pyudme containing 
impurities of picolme, lutidme and collidine was inhaled ovei a con- 
sideiable penod by employees m two chemical woiks Among the lesser 
symptoms observed were headache, veitigo, abdominal pam, heait burn, 
vomiting, distuibed sleep, weakness, giddiness, anorexia and neivousness 

There were 2 instances of serious effects In 1 case tiansient 
paralysis of the facial nerve, periods of unconsciousness, ataxia and 
unequal pupils developed Urobilinogen was excreted m the mine, and 
bilirubin was found m the serum m an amount of 2 15 mg pei hundred 
cubic centimeters 

In the second case of senous complication a 37 year old man had 
woiked with crude pyudme off and on foi two years, when headache, 
veitigo, nausea, anoiexia and insomnia developed Then suddenly 
paialysis of the right facial neive ensued, and two days later there 
developed paitial paialysis of the left oculomotor nerve, paialysis of 
the abducens neives, paitial paralysis of the palate, absence of the gag 
leflex and paralysis of the lecurient laryngeal nerves There weie 
ceiebellai ataxia on the light side, thermanesthesia and slight hemipaiesis 
of the light side The level of urobilin was mci eased m the mine but 
was normal in the blood 

The patient’s condition was intei pi eted by Ludwig to be the result 
of pseudoencephahtis of Wernicke Aftei three months the symptoms 
and signs largely disappeaied 

8 Neff, I S New York M ] 43 299, 1886 

9 See, G Bull gen de therap 108 529, 1885 

10 Lubhnski, W Deutsche med Ztg 2 985, 1885 

11 Ludwig, H Arch f Gewerbepath u Gewerbelng 5 654, 1934 
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chai actenstic odox , it is miscible with water and with alcohol and boils 
at 115 C 

The fate of pyridine in oiganisms was first studied by His 3 4 (1887), 
who found that m dogs it is excreted as methylpyi idyl ammonium 
hydroxide 

For the most part the studies on its effects on living organisms have 
been conducted on frogs Brunton and Tunnichffe 1 claim that the 
depiessant effect on the nervous system of fiogs is mainly confined to 
the sensory system, mostly in the spmal coi d and that lai ge doses depress 
the lespnatoiy centei In frogs laige doses pioduce convulsions 
Although large doses paialyze caidiac muscle, ordinary ones do not 
depiess the heait, and with systemic admimstiation Brunton and 
Tunnichffe said, “The heait was the last organ to die” In man 
pyridine is said to mciease the powei of the cardiac contraction and 
i aise the tension 5 6 

As to its toxicity, von Oettmgen c stated that it is not maiked 
Distler 7 repoited that in rabbits oially administered doses of 2 Gm per 
1 5 Kg caused only slight depression and twice this dose caused marked 
depression and killed the animals by paialysis of the lespiratoiy centei 
The minimal fetal dose foi guinea pigs was reported by Brunton and 
Tunnichffe as 87 mg per hundred giams with mtiaperitoneal injection 
and as 400 mg per hundred grams with oral administration His 3 
admimstei ed 0 1 Gm daily in the form of a 5 pei cent solution to dogs 
for thirty-five days without observing any toxic symptoms aside from 
occasional vomiting and diarrhea 

Pyridine in the doses admimsteied to labbits duimg oui study of its 
anticonvulsant property caused only evanescent immediate effects and 
these m only a few animals Of 39 animals leceiving an intravenous 
injection of 110 mg of pyridine per kilogiam of body weight, 3 imme- 
diately spiawled out and remained in a hypotonic, ataxic paietic state 
for no longei than three minutes, then entirely recoveied Sialorrhea 
was obseived occasionally Of 7 receiving 220 mg pei kilogiam, 4 
sprawled out foi less than three minutes 

Single feedings of 220 to 660 mg pei kilogram, inclusive, failed to 
produce any effect with one exception of sprawling shortly aftei 220 mg 
was administered Of 12 animals receiving 880 mg per kilogram, 1 was 
immobile for a time, another startled easily, 1 died four days latei and 

3 His, W Arch f exper Path u Pharmakol 22 253, 1887 

4 Brunton, T S , and Tunnichffe, F W J Phvsiol 17 272, 1894 

5 De Renzi, E Riv elm e terap 8 169, 1886 

6 von Oettmgen, W F The Therapeutic Agents of the Pyrrole and Pyridine 
Group, Ann Arbor, Mich , Edwards Brothers, Inc , 1936 

7 Distler, H Ueber einige Wirkungen des Pyridin, Inaug Dissert , Erlangen, 
Junge & Sohn, 1887 
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occasional headache, faintness, fatigue, weakness, mental depiession and 
often lestless sleep 

The blood picture as 1 effected by numerous examinations showed a 
tendency to a decrease m the number of leukoc) tes m the 5 patients from 

9.000 to 6,000, fiom 9,500 to 6,000, from 9,500 to 5,000, from 6,000 to 

5.000 and fiom 10,000 to 8,200, lespectively Theie was a tendency 
for an mciease in the percentage of eosinophils in 3 patients, from 
1 to 9, fiom 0 to 6 and fiom 8 to 12, lespectively In 1 patient theie 
was no change and m anothei a decrease fiom 5 to 2 pei cent Occa- 
sionally an increase of basophils was encounteied Vacuolation 
ordinarily leported as being seen m the red cells of expenmental 
animals, was noted m eosinophilic leukocytes in 2 patients , in 2 patients 
there was a slight mciease in the number of lymphocytes Otheiwise, 
theie was no change m the number of red cells, the concentration of 
hemoglobin the coagulation time, the bleeding time or the sedimenta- 
tion rate 

Little or no free hydiochloric acid was found in the stomach before 
tieatment was begun, and no change was obseived after tieatment 

The feces did not show any change, and bowel movements weie 
not increased The urine of 1 patient, who later became violently ill 
and died, was normal throughout the medication with pyridine In the 
urine of 3 patients erythrocytes were encountered in small numbers , m 
that of 2 a trace of albumin was present before treatment and did not 
increase, and in that of 1 for whom tieatment was discontinued a few 
hyaline casts were found before treatment and at the end of ten days w hen 
treatment was discontinued The results of phenolsulfonphthalem excre- 
tion tests did not show any change from normal The amounts ot 
calcium, sodium, potassium, chlorides, nonprotem nitrogen and urea 
nitrogen in the blood remained constant and within normal limits, as 
was the case with the carbon dioxide capacity, the result of the van den 
Bergh test, the icterus index and the result of the hippunc acid test 
of hepatic function Results of repeated galactose tolerance tests on 4 
patients showed that in 1 the total amount excreted was 6 5 Gm befoi e 
treatment was instituted and 1 8 Gm aftei twenty-eight days’ ti eatment 
m the othei 3 patients the amount excieted was quite below normal 
limits before treatment and fell from 2 8 to 1 8 Gm , from 2 38 to 14 Gm 
and fiom 2 6 to 1 56 Gm , lespectively 

In all of the patients before treatment the phosphatase value was 
at a high normal level and fell after treatment from 5 5 to 1 7 King units 
per hundred cubic centimeters, fiom 4 9 to 2 36 units, from 5 57 to 2 84 
units and from 4 9 to 3 9 units, lespectively, m the adults and from 
8 8 to 5 1 units m a boy 16 years old 

The blood level of inorganic phosphorus was within normal limits m 
all 5 patients before treatment and was increased m the 4 adults from 2 76 
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We did not find any lepoits of toxic effects other than heart burn 
and occasional nausea following the use of pyndme in the doses 
ofdmarily piescnbed by mouth, 6 to 25 minims 

Howevei, Helme 12 lepoited a case in which accidental swallowing 
of half a cupful of commercial pyndme lesulted m death m foity-three 
hours Aftei the ingestion the patient vomited five tunes in seven 
hours , when admitted to the hospital he was pale and slightly cyanosed, 
with a tempeiature of 103 4 F, a pulse rate of 128 pei minute and a 
lespiratoiy late of 40 pei minute He complained of a choking sensation, 
piecoidial pam, abdominal pain and inability to swallow Acute con- 
gestion of the lungs, bronchitis and puiulent expectoration developed, and 
the patient became wildly delirious and died Examination of the urine 
failed to leveal any abnoimahty, and at autopsy no changes in the heart, 
kidney oi spleen were encountered The liver had a few fatty patches 
The chief lesions weie those of the epiglottis, trachea, bionclu, lungs, 
esophagus and stomach 

EFFECT or ADMINISTRATION OF PYRIDINE TO FIVE PATIENTS 
SUFFERING TROM EPILEPSY 

Five patients suffenng from epilepsy weie admitted to Passavant 
Memonal Plospital and placed in a special ward during the period of 
study Prior to the administration of pyndme the fust few days to a 
week of hospitalization were occupied by a battery of tests devised to 
reflect any visceial, chemical or blood changes, and aftei medication with 
pyridine was begun, these were repeated at weekly intervals During 
most of the penod the patients weie allowed to take then previous 
medication of sodium bromide, phenobarbital or dilantm sodium alone 
or m combination To 2 patients pyndme was administered for ten 
days, to 2 others for twenty-eight days and to anothei foi thirty days 
Aftei dischaige fiom the hospital the fifth patient continued to take 
pyndme foi seven days , he took none foi forty days and then took it 
again for twenty-five days, when he became senously ill One who had 
taken it foi twenty-eight days in the hospital continued for fifty additional 
days, without noticeable toxic effect Admmistiation of pyndme to 
the othei patients was discontinued 

We did not obseive any change m tempeiature, pulse, lespiration 
or blood piessure during the administration of pyridine m doses of 10 
minims (0 6 cc ) occasionally three times but usually four tunes a day 
There was an mciease of body weight of 1 to 6 pounds (0 5 to 3 Kg ) 
At one or another time there were complaints of a minor nature of 
anorexia, eructations, nausea, occasional vomiting, gastric distiess, ful- 
ness, occasional pam or pressure in the abdomen, abdominal distention 


12 Helme, G E Brit M J 2 844, 1893 
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to 3 2 mg per hundred cubic centimeters, from 2 86 to 3 04 mg , from 
2 86 to 3 16 mg and fiom 2 8S to 3 49 mg, respectively, all increases 
being within normal limits In the case of the boy it fell from 5 66 to 
3 8 mg pei hundred cubic centimeters 

In 4 patients the blood level of cholesterol m milligrams per hundred 
cubic centimeters fell from 214 to 170, from 400 to 205, from 197 to 186 
and from 318 to 285, respectively In 1 patient it remained about the 
same, decreasing from 196 to 192 mg per hundied cubic centimeters 
The cholesterol esters m milligrams per hundred cubic centimeters were 
diminished m the same sequence from 141 to 121, from 298 to 128, from 
127 to 125, from 239 to 203 and from 134 to 117, respectively 

There was a slight mciease of seium total piotem within normal 
limits m 4 patients from 5 6 to 6 2 Gm per hundred cubic centimeteis 
from 6 4 to 713 Gm , from 6 2 to 6 8 Gm and from 5 57 to 7 2 Gm , 
respectively, and a deciease m 1 from 7 02 to 6 9 Gm At the same time 
the globulin fraction was somewhat increased m the first 4 patients in the 
same ordei from 1 06 to 1 45 Gm pei hunch ed cubic centimeters, from 
1 6 to 2 11 Gm , from 1 1 to 1 43 Gm and from 1 12 to 2 3 Gm , respec- 
tively, and decreased m the fifth patient from 2 22 to 1 68 Gm , all 
changes being within normal limits 

Fiom this study it v r as concluded that there was no evidence ot 
damage to any organ and that with the exception of some minor subjec- 
tive complaints and gastrointestinal disturbances the administiation ot 
10 minims of pyridine four times a day did not pioduce any toxic effect 
Theiefore, treatment of 2 patients was continued, and medication was 
started for another patient, who had not been studied in the hospital 
In 2 of them conditions developed which tve feel were the result of 
damage produced by pyridine 

REPORT OF TWO CASES 

Case 1 — Summaiy — During medication with pyridine m doses of first 30 
minims (1 85 cc ), then 40 minims (2 46 cc ), a day abdominal pain, nausea, vomit- 
ing, headache and anorexia suddenly developed in a young man suffering from a 
convulsive disorder Jaundice and edema of dependent parts followed Hiccuping 
accompanied the sjmptoms just mentioned There was a mild fever Azotemia 
and albuminuria progressed Death ensued eight days after the onset of the acute 
symptoms The condition appeared to be of hepatic and renal origin 

Detailed Report — O G, a white man aged 32, was first admitted to the 
Montgomery Ward Medical Clinics of Northwestern University Medical School 
on May 9, 1938 Nothing in his familial or personal history was pertinent to his 
illness The first attack of a convulsive seizure occurred at the age of 15, while 
he was on a “high ride” in an amusement park Attacks then were repeated with 
increasing frequency, so that in 1933 he was having one or more attacks daily 
In addition, attacks of petit mal occurred one to three times a week The attacks 
were not preceded by an aura, nor did they begin with any motor disturbance 
indicating a focal lesion Neurologic examination, as well as all other examina- 
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doisa of the feet appealed Respiration was difficult, and moist rales wcic heaid 
over the bases of the lungs On August 26, the blood contained 116 mg of non- 
protem mitogen per hunched cubic ccntimctcis and the icterus index was SO, 
the urine continued to contain huge quantities of albumin On August 27 as the 
jaundice increased the patient became moic drowsy and vomited more fiequcntly, 
the vonutus contained blood (4 plus) as indicated by the result of the benzidine 
test Edema of the face met cased, the patient became inational at times, the 
abdomen was tympanitic, and lcspirations mci eased to 38 per minute Diuresis 
was not bi ought about by admimsti ation of theophylline with clhylcncdiaminc On 
August 28 the patient was in a deep stupor The subconjunctival hemoirhages 
were increased, and gcnciahzcd edema was present On chemical examination 
the blood per hundred cubic ccntimctcis contained 175 mg of nonprotein nitiogen, 
125 mg of cholesterol, 20 mg of cholcstciol esters, 4 77 Gm of albumin, 1 94 Gm 
of globulin, 106 mg of urea, 6 57 mg of phosphorus and 6 33 King units of 
phosphatase The icterus index was 28 The urine per hundred cubic centimclci s 
contained 164 mg of urea and 21 mg of ammonia nitrogen It contained albumin 
(4 plus) but no casts The nitrogen urea clcaiancc was 13 cc in one bundled 
and twenty-three minutes 

On August 28, in spite of intiavenous injection of fluid and administration of 
theophylline with ethylene diamine, prostigminc methyl sulfate, oxygen and stimulants, 
the patient died Permission for autopsy was refused 

Case 2 — Summary — After eleven days of administration of pyridine in doses 
of 30 minims per day stupor developed in a young man aged 35 suffering from 
a convulsive disorder due to an astrocytoma successfully treated by removal and 
loentgen therapy Evidence of hepatic involvement and renal insufficiency was 
discovered, and during the period of illness residual focal signs of brain disease 
increased and aphasia and agnosia developed After a month of severe illness 
the patient began to improve, and he recovered completely fiom the hepatic involve- 
ment and lcnal insufficiency and the temporary increase of cerebral disability 

Detailed Rcpoil — W K , a white man aged 35, was admitted to the Montgomery 
Ward Medical Climes of the Northwestern Umvcisity Medical School in Novembci 
1936 He had had his first convulsive seizure at the age of 31 Seizures had 
continued in the form of four to five attacks of petit mal daily and one to three 
attacks of grand mal monthly An aura of premonition picccdcd these attacks 
Foui years later right hcmiparcsis and right homonymous hcmianopia had developed, 
and the patient was operated on by Dr Howard Naff/igci An astrocytoma of 
the left paricto-occipital lobe was icmovcd, and lcmoval was followed by loentgen 
therapy The patient had continued to have convulsive seizures, but few lcsidual 
signs of an organic lesion remained, namely, slight light hcmipaicsis with incomplete 
light homonymous hcmianopia Despite therapy with bromides, phcnobarbital and 
dilantm sodium, the attacks had continued, although they were markedly diminished 

On Aug 2, 1940 the patient was placed on a treatment schedule of 10 minims 
of pyridine three times a day with 1J4 grains of phcnobarbital four times a day 
On August 12 lie reported a little nausea aftci taking the pyridine On August 16 
his aunt reported that he had become increasingly stuporous during the picceding 
three days lie was sent to the Cook County Hospital that day 

On examination the patient was somewhat stuporous and appeared lather indif- 
ferent but cooperative and oiientcd The tcmpeiaturc was 98 F, the respiratorv 
rate 20 per minute and the blood picssurc 110 systolic and 70 diastolic The 
pupils were unequal, the right one being smaller than the left one, but both reacted 
well to light directly and conscnsually and in accommodation Theie was a fine 
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tions, failed to reveal any abnormality Although during administration of sodium 
bromide attacks of grand mal had been stopped for six months at one time, the} 
recurred and were then, as were the attacks of petit mal, recalcitrant to treatment 
by bromides, phenobarbital and dilantin sodium 

On April 29, 1940, the patient was admitted to the Passavant Memorial Hos- 
pital For twelve days he was given 30 minims (1 85 cc ) of pyridine a day and 
for an additional eighteen days 40 minims (2 46 cc ) a day No significant changes 
in bodily function indicative of any toxic effect were noted 

After his discharge from the hospital on June 14 he was again placed on a treat- 
ment schedule of 10 minims of pyridine three times a day and V /2 grains (0 09 Gm ) 
of phenobarbital four times a day On June 21 his supply of pyridine was exhausted, 
and since he had suffered from acute pharyngitis, no more pyridine was prescribed 
Three days later, after taking magnesium sulfate, the patient experienced a pain 
in the lower part of the abdomen He was admitted to the Cook County Hospital 
on June 25 His condition was given the diagnosis of diverticulitis, within a few 
days the symptoms subsided, and he was discharged on June 29 

On July 29 he was again placed on a treatment schedule of 10 minims of 
pyridine three times a day and 1 r / 2 grains of phenobarbital four times a day On 
August 20 he was awakened from sleep by a sharp pain m the right side of the 
abdomen He vomited soon after, then felt chilly and feverish A headache of 
a dull nature was noted The next day the abdominal pain, headache and vomiting 
continued Diminished urinary output was noted, only a small amount of dark 
urine having been passed on the second day of illness On the third day, the 
symptoms continued and hiccuping developed During these three days he had 
had only one bowel movement, with a watery stool On the third day he was 
admitted to the Cook County Hospital The temperature was 101 F, the pulse 
rate 120 per minute, the respiratory rate 24 per minute and the blood pressure 
110 systolic and 60 diastolic The patient’s tongue was coated and his breath 
foul , he hiccuped frequently and occasionally vomited There was dulness m the 
middle lobe of the right lung, and rales were heard over this area Roentgeno- 
grams of the chest showed the diaphragm was elevated on the right side A 
specimen of urine obtained by catheterization contained albumin (4 plus) but neither 
blood nor bile On August 23 examination of the blood showed that per hundred 
cubic centimeters it contained 89 mg of nonprotein nitrogen, 13 mg of uric acid, 
104 6 mg of urea, 7 5 mg of creatinine, 3 37 Gm of albumin, 1 58 Gm of globulin, 
131 mg of cholesteiol, a trace of cholesterol esters, 515 mg of phosphorus, 6 55 
King units of phosphatase and 400 mg of chlorides Slight secondary anemia and 
leukocytosis (17,100 cells) were present Per hundred cubic centimeters the urine 
contained 100 mg of urea, 13 7 mg of ammonia nitrogen and 24 units of diastase 12a 
Albumin (4 plus) was present in the urine, and urea clearance was 9 cc in 
one hundred and sixty-one minutes 

On August 24 the patient appeared worse His scleras and skin were icteric 
There was marked tenderness in the abdomen, and hepatic dulness seemed increased 
A Levine tube was introduced, and solutions of dextrose and sodium chloride were 
given intravenously On August 25 his temperature was 99 6 F and his blood 
pressure was 108 systolic and 60 diastolic He appeared acutely ill Subcon- 
junctival hemorrhages appeared in the left eye Edema of the eyelids and the 

12a The unit of diastase used is the one commonly employed in the United 
States One unit represents the quantity of urine m cubic centimeters that will 
convert a 0 1 per cent starch solution to sugar in half an hour at 37 C Normal 
is 8 to 32 
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horizontal nystagmus The patient’s speech was slow and slurred, and his responses 
were slow All deep reflexes were brisk bilaterally, and superficial abdominal and 
cremasteric reflexes were normal No pathologic reflexes were elicited Examina- 
tion of the fundi revealed a questionable blurring of both optic disks Gross tests 
of the visual fields revealed right homonymous hemianopia Examination of the 
spinal fluid revealed a clear but xanthochromic fluid under normal pressure, con- 
taining 4 cells per cubic millimeter , per hundred cubic centimeters it contained 
57 mg of total protein, 75 mg of sugar and 680 mg of chlorides The urine 
showed albumin (4 plus) and 10 to 20 white blood cells per low power field , no casts 
were observed The blood per hundred cubic centimeters contained 8 5 mg of uric 
acid and 139 mg of nonprotem nitrogen On August 20 there was a weakness in 
the right lower extremity, the deep reflexes of this extremity were greater than 
those of the left one The right side of the face moved with less facility than 
the left side Movements of the right upper extremity were clumsy There was 
considerable stupor On August 22 the blood level of nonprotein nitrogen w'as 137 
mg per hundred cubic centimeters, and there was marked albuminuria On August 
23, the icterus index was 11 and the blood per hundred cubic centimeters contained 

9 7 mg of uric acid, 13 mg of creatinine, 5 85 Gm of total protein, 4 3 Gm of 
albumin, 1 55 Gm of globulin, 165 mg of cholesterol and 170 mg of nonprotem 
nitrogen On August 27 there were present anomia, ataxia, acalculia, defect in 
body scheme, confusion and disorientation The patient’s tongue was heavily coated 
and his breath urinous It became necessary to restrain him in bed On August 30 
he had epileptiform seizures, occasionally right sided, at other times generalized 
From day to day he seemed to become worse, the confusion increased, and he 
refused to eat cr to talk with usitors and became belligerent and excited On 
September 7 the blood per hundred cubic centimeters contained 155 mg of non- 
protem nitrogen, 4 7 mg of uric acid, 54 mg of creatinine, 166 mg of cholesterol 
and 46 mg of cholesterol esters A blood transfusion w'as performed on September 

10 Two days later the patient began to show signs of recovery, and a week 
later he w'as able to converse intelligently On September 18, the icterus index 
w T as 15 and the blood per hundred cubic centimeters contained 41 mg of non- 
protem nitrogen, 5 98 Gm of total protein, 3 33 mg of phosphorus, 9 6 mg of 
calcium, 178 mg of cholesterol and 120 mg of cholesterol esters On September 22 
these blood levels had further decreased per hundred cubic centimeters to 32 mg 
of nonprotem nitrogen, 2 3 mg of uric acid and 2 mg of creatinine, and the blood 
contained 1 1 mg of phenol per hundred cubic centimeters (table 2) On October 
2 a nonspecific suppurative epididymitis developed, which was treated surgically, 
and the patient was discharged on December 5 At this time chemical examination 
of the blood did not reveal anything abnormal, and the general paralysis, agnosia 
and other focal signs had receded to the state existing prior to the deielopment 
of the acute disease 

COMMENT 

The outstanding symptoms m case 1 were tapid development of 
uremic symptoms, anuria, subconjunctival hemorrhages, edema, jaundice 
and deluium There was evidence of rapid, progressive parenchymal 
destruction of the liver, as shown by a marked depression of total seium 
protein and its fractions and a lowering of cholesterol with almost total 
disappearance of the ester fraction Primary nephritis or nephiotic 
syndrome is excluded by these changes occurring in a brief penod and 
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ALLERGY 

A REN IENV OF THE LITERATURE OF 1942 

FRANCIS M RACKEMANN, MD 
Lecturer m Medicine, Harvard Medical School , Physician, 
Massachusetts General Hospital 
BOSTON 

The field of alleig} is being cultivated , also, it is being extended The 
common allergic manifestations are hay fevei, asthma and eczema, but 
other s)mptom complexes also may depend on allergy, and the list 
becomes longer as knowledge increases Moi e and moi e of the phenom- 
ena of allerg}- aie being correlated with the phenomena of acute and 
chronic infections Bacterial alleigy is often haid to demonstiate, but 
nevertheless it undoubtedly plays a role in many difficult situations 
hard to understand without such a theoiy Asthma often appears to be 
produced by acute colds and without other cause One is almost forced 
to think of “bacterial allergy,” but cutaneous tests made with various 
pi eparations of bacteria in the sputum do not give a reaction of immediate 
type, as might be encountered if the cause were ragweed 01 egg albumin — 
except m rare instances Asthma, according to Landau and Gay , 1 has 
been defined by Beigei as “a multiple, functional, inflammatory bionchial 
stenosis ” This definition might implicate the mechanisms of allergy, 
but it implies moi e the effect of a particular type of sticky exudate, as will 
be discussed later When more knowledge of bacterial allergy in asthma 
is acquired, it may be found that the two implications go together 

The recognition that periaiteritis nodosa is encountered not uncom- 
monly m association with severe types of asthma suggests that a lesion 
of the blood vessels is a part of the fundamental process Certain local 
vascular disturbances may depend on allergy, as Harkavy 2 has shown 
The Arthus phenomenon has been shown to begin with a thrombosis 
of small blood vessels, Nvhich leads promptly to the development of typical 
local necrosis 

One must consider, therefoie, that lesions of the blood vessels aie a 
pait of this complex picture The idea interferes somewhat with the 
earlier concept that allergy was concerned only with epithelial structures 

1 Landau, W , and Gay, L N Allergy m Germany, J Allergy 13 494, 1942 

2 Harkavy, J Vascular Allergy Manifestations of Polyvalent Sensitization, 
J Mt Sinai Hosp 8 592, 1942 
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without phosphorus retention, elevation of the blood pressui e or activity 
of the urinary sediment 

In the second case the retention of mtiogen and unc acid without 
elevation of phosphorus was outstanding An inactive sediment m urine 
of a low specific gravity containing albumin (4 plus) speaks for an 
altered function of the tubules Again a low blood level of cholesterol 
and geneially reduced serum protein and its fractions suggest shaip 
depression of the function of the liver Altered hepatic function may 
explain the high blood level of unc acid and the albuminuria, such as 
are encountered m the hepatorenal syndrome In their discussion of the 
hepatorenal syndrome Orr and Helwig 13 concluded 

There exists a close relationship between the liver and kidnevs m disease since 
they are phylogenetically and functionally closely related It is ver\ probable that 
when the li\er function breaks dow'n in its detoxification or neutralization function 
that the kidneys take over the function of eliminating toxic products by excretion 

In out cases pyridine seemed to cause parenchymal damage to the 
liver, thus imposing on the kidneys an extra burden of eliminating toxic 
products m general, as well as eliminating the pyridine itself 

It has often been obseived by us that when a convulsive disordei m 
a patient is the result of organic brain disease, such focal signs as mat be 
evident are always increased markedly when the patient because ot 
bromism suffers from a temporary encephalopathy We attribute the 
increase of focal signs in the case reported in which there weie residual 
signs of an astrocytoma of the brain to such a toxic encephalopathy 

CONCLUSIONS 

Despite the relatively low toxicity of pyridine in animals, failuie to 
find reports of toxic effects in man resulting from its administration in 
repeated doses of 5 to 25 minims (0 31 to 1 54 cc ) and absence of am 
evidence of toxicity in man, when careful studies were made on 5 sub- 
jects receiving 30 to 40 minims (1 85 to 2 46 cc ) of pyridine a day 
for periods up to a month 2 instances of later marked toxic effects weie 
noted In both instances the effects were those of hepatorenal disease 
in 1 case leading to death, in the othei case followed by recovery 

Pyridine may be added to the list of chemical poisons which ma) 
pi oduce the hepatorenal syndrome 

122 South Michigan Boulevard 

185 North Wabash Avenue 

30 North Michigan Boulevard 

13 Orr, T G, and Helwig, F C The Hepatorenal Syndrome, in Frank 
Howard Lahey Birthday Volume, June First, Nineteen Hundred Fortv, Spring- 
field, 111 , Charles C Thomas, Publisher, 1940, p 339 
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that guinea pigs can be bred selectively, so as to obtain a stiam which 
is resistant to a given alleigen Fiom this it looks as though the factor of 
inheritance was concerned with the capacity of the organism for the 
development of local tissue antibodies, but there are other possibilities 
Inheritance might be concei ned with the pei meability of the skin and / 01 
of the gastrointestinal tract to make the tissues more accessible to the 
foreign substance, or it might be concerned with the lelease of H sub- 
stance And then as a fourth possibility there is the ability of the 
oiganism to leact to this H substance 

Endocnnc Vauations — These vauations constitute anothei factor 
So far the most promising aspect is concerned with the sex hoimones m 
geneial Pregnane) has a decided effect on hay fever and asthma, as 
Farmei 7 has outlined One difficulty is that this effect is not always 
legulai Sometimes the symptoms aie worse dm mg pregnancy, but m 
other cases they clear entnely dui mg the period of gestation Emotional 
factoi s ai e receiving more attention Stokes and Beerman 8 present a 
review of the problem undei the title “Psychosomatic Correlations in 
Allergic Conditions ” Jensen and Stoessei 0 point to the increasing 
lecognition of emotional factors in asthma and cite cases in which the 
control of these factors helped gieatly in the control of the asthma 
Abramson 10 describes a woman of 31 who suffered from giant hives 
aftei swimming m cold water, when hei arm was tested with ice an 
urticarial wheal developed at the site At the same tune she was found 
to be suffering from certain mental conflicts When later these conflicts 
were adjusted, her sensitiveness to cold disappeared Should one say 
that m hei case the tiouble was concerned with the quantitative develop- 
ment of the reaction-producing factor — the H substance, oi was it con- 
cerned mereh with an increased reaction to it? It is fair to anticipate 
that if the vauous factors resulting in any one response can be dis- 
tinguished one fiom the other, the effect of emotional disturbances as 
well as the effect of particular endocrine vauations may become more 
clear 

Vitamins — These substances are interesting to the student of the 
nature of allei g) , but recent work tends to discredit their great nnpoi - 
tance In 1934 Sulzberger and Simon 11 found that when two series 

7 Farmer, L Ihe Role of the Endocrines in Anaphylaxis and Allergy, Ann 
Int Med 17 212, 1942 

8 Stokes, J H , and Beerman, H Psychosomatic Correlations in Allergic 
Conditions A Review of Problems and Literature, Psychosom Med 2 439, 1940 

9 Jensen, R A , and Stoesser, A V Emotional Factor in Bronchial Asthma 
in Children, Am J Dis Child 62 80 (July) 1941 

10 Abramson, H A Editorial Comments Physical or Psychic Allergy, J A 
M A 118 229 (Jan 17) 1942 

11 Sulzberger, M B , and Simon, F A Arsphenamine Hypersensitiveness 
in Guinea Pigs, J Allergy 6 39, 1934 
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for now endothelial tissues seem to be involved also The field is 
extended, but with good leason 

The locality of the allergic response is another important aspect 
Why does a sensitiveness to egg result in eczema m one child and asthma 
in another ? Ragweed causes hay fever often enough, but it may pi oduce 
asthma without any nasal symptoms at all, and then in laie cases it can 
produce a local dermatitis Elsev\ hei el 3 have pointed out that a review 
of the literature on drug alleigy shows that the same medicament when 
taken by mouth can pi oduce asthma in one patient a diffuse cutaneous 
reaction m another or a disturbance of the blood-foimmg organs in a 
third It would seem, therefore, that one tissue can become more 
sensitive than another tissue and that leactions which aie localized may 
or may not be associated with a sensitiveness of all the tissues Related 
to this idea is the observation that in ceitain patients seen at the \ery 
beginning of their hay fevei cutaneous tests maj jield quite negative 
lesults, whereas m the next yeai the cutaneous reactions become posi- 
tive This has been interpreted as evidence that the development of 
allergy m one tissue may occui before its development in other tissues 
The idea explains some of the disci epancies in results of cutaneous 
tests, which may or may not be positn e, even though the mucous mem- 
bianes of the nose and the bronchi aie capable of reacting so violentl) 

In a review of the literatuie of alleigy of 1941 1 4 called attention 
to the advantages of separating the study of allerg) 7 as a pioblem in 
immunology from the study of asthma (and I include other allergic 
manifestations as well) as a problem in physiology Since this distinc- 
tion was made, the whole field is a bit cleaiei Since the allergic 
reaction has been recognized as merely one of a vanety of the causes 
of asthma, a consideiable number of othei causes have been lecogmzed 
Let us, however, discuss allergy fii st 

NATURE OP THE ALLERGIC STATE 

The nature of the allergic state is still obscme, and this corner of the 
field needs much furthei cultivation 

Inheritance — This factor is obviously impoitant Jacobs and his 
co-workers 5 6 have confirmed the observation of Landstemer and Chase G 

3 Rackemann, F M Allergy, with Special Reference to Drug Allergy, New 
England J Med 224 688, 1941 

4 Rackemann, F M Allergy Review of Literature of 1941, Arch Int Med 
69 128 (Jan ) 1942 

5 Jacobs, J L , Kelley, J J , and Sommers, S C Heredity, Predisposition 
to Sensitization in Guinea Pigs, Proc Soc Exper Biol & Med 48 639, 1941 

6 Landstemer, K , and Chase, M W Breeding Experiments in Reference to 

Drug Allergy in Animals, in Proceedings of the Internat onal Congress for Micro- 
biology, 1940, p 772 
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I believe that this obseivation is of considerable importance to the 
whole pioblem of food assimilation and absorption It is intei estmg that 
the absorption of almost any food can be demolish ated if only one can 
find a donor who is specifically sensitive to that particular substance and 
whose serum has a sufficiently high reagmic titer toward it Walzer 
shows that the leaction in the prepared site occurs within less than ten 
minutes and that it can be produced by minute quantities of the offending 
substance How long the leaction will persist or how long the offending 
substance will remain in circulation 01 in the tissues has not yet been 
woiked out Walzer has demonstrated a method by which active 
sensitiveness of the tissues might occur Meantime, Haiti ey 16 has been 
able to sensitize guinea pigs by single feedings of small quantities of egg 
albumin — and the results were bettei if the intestinal mucosa was injured 
a little by the withholding of vitamin C and the pioduction of scurvy 
Incidentally, he found that if the feeding was continued, the ciiculatmg 
antibodies which were demonstrable at first disappeared, and this fact 
helps one to understand why it is that not all pei sons are sensitive to all 
foods all the time 

The newborn babe is not sensitive Hill and Sulzbeiger 17 showed 
this some years ago And now Zohn 18 has tested 150 infants from 
3 to 8 days of age with egg, wheat and milk and failed to obtain any 
positive reaction Histamine, however, when injected in a dilution of 
1 10,000, caused wheal formations consistently Evidently the devel- 
opment of allergy depends on antibodies, and antibodies require time 
for production 

Development of Sensitiveness fiom Contact — Cnep 19 studied 7 pairs 
of identical twins, and only 3 of them behaved quite alike In 1 pair, 
1 twin had hay fever in June from grasses and the other had hay fever 
m August from ragweed In another pair, the onset was at 3 and 
at 4 years, respectively, and finally, a sensitiveness to acetylsalicylic acid 
developed m 1 of a pair, whereas a sensitiveness to egg developed in the 
other As Cnep says “Contact is important, but one must explain the 
absence of sensitiveness to many common allergens ” Just why one sub- 
stance should be seized on to the exclusion of all the others is a question 
hard to answer That nursing mothers can absorb undigested proteins 

16 Hartley, G, Jr The Permeability of the Gastro-Intestinal Mucosa of 
Guinea Pigs to Crystalline Egg-Albumin II Relationship Between Circulating- 
Antibody Titer and Severity of the Anaphylactic Shock Following the Oral Admin- 
istration of Antigen to Actively Immunized Scorbutic and Non-Scorbutic Guinea 
Pigs, J Immunol 43 301, 1942 

17 Hill, D W , and Sulzberger, M B Evolution of Atopic Dermatitis, Arch 
Dermat & Syph 32 451 (Sept ) 1935 

18 Zohn, B Skm Testing in the Newborn, Arch Pediat 58 339, 1941 

19 Criep, L H Allergy in Identical Twins Report of Seven Pairs of Twins 

J Allergy 13 591, 1942 " 
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of guinea pigs wei e submitted to the same experimental pi ocedui e in an 
attempt to sensitize them to ai sphenamine, the lesults m one series were 
quite different fiom those m the othei, and they thought fiist of varia- 
tions in vitamins in the fodder as the factor responsible foi the diffei ence 
Fiei 12 has studied this directly working especiall) with vitamin A 
(caiotene), hut also with the vitamin B complex and with iitamin E 
Although the foddei of his animals was varied within a wide range, he 
could not demolish ate an}' significant changes in their subsequent sen- 
sitization 01 reaction Fellei, Roberts, Ralli and Francis 13 also worked 
on vitamin A, as w'ell as on vitamin C Marked and prolonged changes 
in the feeding of these components produced severe deficiencies, but 
ueithei these changes noi latei flooding with vitamin excesses made any 
difference in the capacity of the animals to respond to a vanety of 
immunologic tests Meantime, howevei , Hochwald 5 1 and others have 
showm that the mtiavenous injection of ascorbic acid (vitamin C) in 
large quantities can protect guinea pigs against anaph) lactic shock 
This, howevei, lepiesents the effect of ascoibic acid as a ding with its 
i educing action and not the effect of any vitamin lack 

Development of Sensitiveness — The development of sensitn eness 
m a susceptible animal depends on the method by which the sus- 
ceptible animal is exposed One can presume that the involvement 
of a particular tissue lesulting in particular manifestations depends on 
some local injury which makes that tissue absoib the antigen a little 
faster than othei tissues I believe that the work of Matthew' Walzei 
deserves moie attention and recognition He 15 has lecently summaiized 
a long series of studies wduch show' that the feeding to oi the injection 
of a foieign substance into noimal subjects (wdiethei human beings oi 
monkeys) is followed piomptly by the absoiption of the substance into 
the blood stream and tissues By injecting into the skin of a subject a 
small dose of serum from a donor who is actively sensitized Walzei 
can demonstrate that a local urticarial reaction ajDpeais in the prepaied 
site within a few minutes aftei the foreign substance itself is fed oi 
injected This means that the foreign substance is absoibed unchanged 
or at least that its chemical subdivision has not piogiessed to any con- 
siderable extent 

12 Frei, W Further Studies in Arsphenarrune H\ persensitn eness in Guinea 
Pigs Vitamin A (Carotene) in Relation to the Sensitization of Guinea Pigs to Old 
Arsphenannne, J Invest Dermat 5 117, 1942 

13 Feller, A E , Roberts, L B , Ralli, E P , and Fiancis T Studies on the 
Influence of Vitamin A and Vitamin C on Certain Immunological Reactions m 
Man, J Clin Investigation 21 121, 1942 

14 Hochwald, A Antiallergic Properties of Vitamin C Zentialbl f inn 
Med 56 769, 1935 

15 Walzei, M Absorption of Allergens, J Allergy 13 555, 1942 
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quantities (0 10 cc ) of the antigen every one oi two weeks In 10 of 
them an immediate positive leaction developed to one or another of the 
latei doses — to the thud dose m 2 patients, to the fourth m 1, to the 
fifth m 3, to the sixth m 1, to the seventh in 1, to the eighth m 1 and 
to the ninth m 1 They make the good point that the diagnostic value 
of tests like this diminishes with lepetition Arbesman, Witebsky and 
Osgood 27 diaw smulai conclusions after making tests with Trichina 
antigen on 28 consecutive patients with allergy and 91 consecutive normal 
pei sons The incidence of positive leactions was as much as 22 per 
cent m the alleigic group 

Two papers aie concerned with the natuie of the sensitizing sub- 
stance Spam, Gillson and Stiauss 28 compaied the production of sen- 
sitiveness and the subsequent leaction to extiacts of seium, saliva and 
skm epithelium of the dog, cat and the labbit On the whole, a guinea 
pig sensitized to dog saliva leacts well to dog seium or to dog epithelium, 
and this fact shows that a common antigenic factor is present in the 
three piepaiations The same thing applies to labbit saliva, seium and 
epithelium But there are ceitam exceptions which suggest that there 
may be specific factors as well and that saliva, serum and skm substance 
are not the same in every particulai The other paper is by Cooke, 20 
who reviews his work on protein derivatives of common foods In food 
allergy it is not usual to encounter cutaneous reactions which correspond 
with the histoiy of the patient The diagnosis is made on the basis of 
trial and eri or, as brought out by the patient’s direct personal experiences 
Cooke has consideied that the process of digestion results m the pro- 
duction of intermediary substances which are the actual cause of the 
sensitiveness and of the symptoms The idea is important, and Cooke 
has assembled a good deal of expeiimental work to support it 

HISTAMINE 

In the recent i eview of the literature on anaphylaxis by Dragstedt 30 
the last paragraph includes this sentence 

The cardinal symptoms of anaphylaxis can thus be explained as being due, in 
the immediate instance, to an autointoxication by physiologically active substances 
normally resident m various tissue cells and liberated therefrom by some change in 
cellular permeability brought about by the antigen-antibody reaction 

27 Arbesman, C E , Witebsky, E , and Osgood, H Results of Intradermal 
Skin Tests with Trichina Antigen m Allergic and Normal Individuals, T Allergy 
13 583, 1942 

28 Spain, W C , Gillson, R E , and Strauss, M B Comparative Immuno- 
logic Studies with Salivary and Epithelial Extracts of the Dog, Cat and Rabbit 
J Allergy 13 563, 1942 

29 Cooke, R A Protein Derivatives as Factors m Allergy, Ann Int Med 
16 71, 1942 

30 Dragstedt, C A Anaphylaxis, Physiol Rev 21 563, 1941 
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and excrete them in their milk was shown by Donnally 20 m 1930 Cuta- 
neous sites m normal persons made sensitive by mtradermal injections of 
serum from a person sensitive to eggs would react to a tiny quantity of 
milk from a mothei who had just eaten several eggs In a similar experi- 
ment Brunner and Baron 21 illustrate the same principles for cotton seed 
Also, they show that specimens of milk taken during the first two hours 
aftei the ingestion of cotton seed contain little or no antigen, but that a 
longer time — two and one-half to twenty-four hours — was required 
before the test meal gave definitely positive results The delay in this 
experiment is hard to explain Courtnght and his associates 22 ha\e 
woiked on guinea pigs sensitized by exposure to the dust of dry horse 
dander This experiment was made first in 1925 by Ratner and others 23 
The present authors were interested particularly m the protection of 
their animals by histamine and histanunase The study is mentioned 
here to remind the reader that sensitiveness can occur by the inhalation 
of dust and that m clinical practice one finds this form of sensitiveness 
to be much more important than any other Cannon and his associates 24 
produced symptoms m sensitized animals by dropping a solution of 
purified egg albumin into their noses A marked pulmonary inflamma- 
tion was produced in all of them, and it is interesting to have Cannon 
lay some stress on the development of phlebitis and thrombosis — vas- 
cular phenomona — as part of this reaction process 

The small amount of contact which is necessary to produce sensitive- 
ness is always interesting In 1924 Hooker 25 showed that 33 per cent 
of young subjects who had been given mtracutaneous test doses of 
diphtheria toxin-antitoxin mixtures became skin sensitive to horse 
serum later The term skm sensitive is used advisedly The change 
may or may not be accompanied by the development of a general 
sensitiveness 

Recently, Baron and Brunner 20 leported much the same thing for 
Trichina antigen Eighteen patients were given injections of small 

20 Donnally, H H The Question of the Elimination of Foreign Protein 
(Egg White) in Woman’s Milk, J Immunol 19 15, 1930 

21 Brunner, M , and Baron, B The Presence of Ingested Cottonseed Protein 
in Woman’s Milk, J Allergy 13 358, 1942 

22 Courtnght, L J , Hurwitz, S H , and Courtnght, A B Inhalant Sen- 
sitization and Shock m Guinea Pigs Under Controlled Atmospheric Conditions, 
J Allergy 13 444, 1942 

23 Ratner, B , Jackson, H C, and Gruehl, H L Nasal Sensitization, Nasal 
Anaphylactic Shock and Respiratory Symptoms Simulating Bronchial Asthma m 
the Guinea Pig, Proc Soc Exper Biol & Med 23 17, 1925 

24 Cannon, P R. , Walsh, T E , and Marshall, C E Acute Local Anaphy- 
lactic Inflammation of the Lungs, Am J Path 17 777, 1941 

25 Hooker, S B Human Hypersensitiveness Induced by Very Small Amounts 
of Horse Serum, J Immunol 9 7, 1924 

26 Baron, B , and Brunner, M Active Sensitization m Human Beings with 
Trichina Antigen, J Allergy 13 459, 1942 
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Acetylchokiic — This is another substance which is normally piesent 
m the body cells and which might well be the factor released by specific 
reactions It differs from histamine in some ways, but its cholinergic 
effect is not dissimilar Acetylcholine itself is labile It is destroyed by 
heat, it is destroyed by standing, and it disappears promptly when it 
is injected into the oigamsm On the other hand, its methyl derivative 
has much the same phai macologic properties and is used rather widely 
m ceitam fields of medicine Moll 35 has used it m the treatment of 
asthma In doses of 10 to 20 mg given to patients with asthma 
mecholyl chloride (acetylbetamethylchohne hydrochloride) produced 
wheezing, which vas usually nnld but sometimes severe In a series of 
nonasthmatic control subjects who received doses of the same size, 
symptoms ref ei able to the chest were not observed, but general signs 
of paras) mpathetic stimulation did occur This last observation is not 
surpiismg, because m othei patients hay fever or eczema or even 
urticaria has been lit up in a new attack by substances other than the 
precise specific causative one The experience is used by some investi- 
gators to suggest that a soit of conditioned reflex is involved in the 
mechanism, but bettei peihaps is the concept that different tissues vary 
m the degree of their sensitiveness Logue and Laws 3G treated 1 1 
patients suffeung from chiomc asthma with mecholyl chloride and found 
that 6, or about a half, were improved by a series of ten daily doses 
Fortunately, however, 6 other patients with chronic asthma were treated 
m the same way and at the same time with doses of physiologic solution 
of sodium chloride, and 4 of these, or two-thirds, were greatly improved 
Another good experiment has been spoiled by controls 1 

Histcnmnasc — This substance is not as interesting as it appealed to 
be some year ago Hawes, Alles and Miller 37 have repeated the original 
experiments of Karady and Brown, who found that anaphylactic shock m 
guinea pigs could be controlled by histammase The California investi- 
gators, however, had completely negative results In their hands hista- 
mmase had little value Neely 38 believes that allergic asthma m guinea 
pigs might provide a good method of measuring the effect of histammase 
on the reaction A small series of animals were treated with histammase 
given m various ways during the period of sensitization and just before, 
as well as just after, the shock dose No protective effect, however, 
was observed 

35 Moll, H H The Action of Parasympathetic-Mimetic Drugs in Asthma, 
Quart J Med 9 229, 1940 

36 Logue, R B , and Laws, C Mecholyl (Acetyl-0-Methyl-Chohne) Desen- 
sitization, J Allergy 13 414, 1942 

37 Hawes, R C , Alles, G A , and Miller, H Question of Protection Against 
Histamine and Anaphylactic Shock m Guinea Pigs by Histammase, J Lab & Clin 
Med 27 337, 1942 

38 Neely, F L Treatment with Histammase, J Lab & Clin Med 27 319, 
1941 
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It is assumed that m clinical allergy in man the symptoms depend 
on the release from normal cells of a normal cellular constituent In 
another paper from Dragstedt’s laboratory, by Ojers and others , 31 sec- 
tions of the liver were removed from dogs during anaphylactic shock 
and tested foi their histamine content The authors found that the 
amount of histamine liberated was quite enough to account for this 
shock symptom Dragstedt and Silva 32 added trypsin to heparinized 
rabbit blood and found that it caused a shift in the histamine from the 
cells to the plasma 

Treatment of Patients with Histamine — This procedure is some- 
times effective in allergy, but lepoits, past and present, are not in 
agreement as to the percentage of good results, and in some cases the 
method seems to be totally ineffective Wells, Gray and Dragstedt 33 
tested the method on dogs If a real toleiance to histamine can be 
produced, one would expect that the secretion of acid from the dog’s 
stomach would become less as the daily dose of histamine is continued 
The authors worked with dogs the stomachs of which were prepared to 
produce the so-called “Heidenhain pouch ” They found that when the 
nourishment of the dogs was good, the response to repeated doses of 
histamine remained quite the same even after a long series of injections 
A reduction m the response occurred only m those dogs the general 
condition of which had suffered The authors could not provide experi- 
mental analogy for the therapeutic effect claimed for histamine desensi- 
tization m allergy Sheldon and his co-workers 34 believed that treatment 
with histamine might be more effective if the substance could be made 
antigenic by combining it with a protein, and so such preparations as 
histamine azocasem and a combination of histamine and azo despeciated 
horse serum globulin were made m the laboratory and used for the 
treatment of a series of patients Good results were obtained m some 
cases, but, as the authors explained, there is no evidence that these results 
were on a specific basis or that they differed from other results pro- 
duced by vaccines and other substances The theory that histamine 
is the end product of a great variety of specific reactions is always 
attractive, but so far it is still hard to be sure of its correctness 

31 Ojers, G , Holmes, C A, and Dragstedt, C A The Relation of the Liver 
Histamine to Anaphylactic Shock in Dogs, J Pharmacol & Exper Therap 73 
33, 1941 

32 Dragstedt, C A, and Roche e Silva, M Effect of Trypsin upon Blood 
Histamine of Rabbits, Proc Soc Exper Biol & Med 47 420, 1941 

33 Wells, J A , Gray, J S , and Dragstedt, C A An Investigation of the 
Question of Histamine Tolerance, J Allergy 13 77, 1941 

34 Sheldon, J M , Fall, N , Johnston, J H , and Howes, HA A Clinical 
Study of Histamine-Azo-Protein in Allergic Disease A Preliminary Report, 
J Allergy 13 18, 1941 
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seium disease proper, which after all is a noimal response of a normal 
pei son Toomey and Garver 42 present results obtained on 1,447 
patients who weie given cutaneous tests and ophthalmic tests just 
before the injection of diphtheria antitoxin Serum sickness occurred 
m about 30 per cent of those who had had antitoxin previously and 
legardless of whether the cutaneous leactions were positive, but seium 
sickness occuned m 48 per cent of those who showed positive oph- 
thalmic leactions It occuned in only 23 per cent of those whose 
ophthalmic leactions were negative 

I would emphasize that if one recalls the difference m susceptibility 
between tluee groups of patients — fust, the alleigic persons with his- 
tones of ha) fetei oi asthma, second, the pretreated patients who may 
be activeh sensitive, and, thud, the noimal persons with neither allergy 
nor previous tieatment — it is quite clear that to ask one or two simple 
questions of the patient may bring more, useful information than any 
cutaneous test 

Plasma — This substance is not quite fiee of reaction possibilities 
Polayes and Squillace 43 descnbed the seveie leaction with chills and 
shock which occuned when a woman of 29 w-as given 250 cc of 
dned noimal human plasma shoitly after childbirth An editonal 44 m 
The Journal of the Ameucan Medical Association comments on this 
repoit to sa) that if cutaneous tests with samples of plasma could be 
made, leactions w'ould be avoided What can be done when a cutaneous 
test or an ophthalmic test made wnth a sample of the seium about to 
be injected (oi bettei, with a 1 10 dilution of it m noimal physiologic 
salt solution of sodium chloride) is found to yield a positive leaction ? 
Glaser 45 finds that bovine tetanus antitoxin given to 38 childien, half 
of whom w’ere known to be allergic, did not cause any immediate reac- 
tions at all and produced serum disease in only about 40 per cent Top 
and Watson 4G used antitoxin which had been "despeciated” by enzymic 
digestion They gave this preparation to 130 patients, reactions of all 
kinds w r eie gieatly reduced, and certain peisons who could not tolerate 
the usual lefined oi concentiated antitoxin were successfully treated 
with this new product Attention should be called to a recent paper by 

42 Toomey, J A , and Garver, W P Sensitivity to Horse Serum Due to 
Previous Injections of Antigen, Am J Dis Child 62 765 (Oct) 1941 

43 Polayes, S H , and Squillace, J A Near Fatal Reaction to Transfusion 
with Dried Human Plasma Solution, JAMA 118 1050 (March 28) 1942 

44 Toxicity of Human Plasma, editorial, JAMA 120 206 (Sept 19) 
1942 

45 Glaser, J The Use of Bovine Antitoxin for the Prophylaxis of Tetanus, 
J Pediat 19 403, 1941 

46 Top, F H , and Watson, E H Reduction of Serum Reactions, Am J 
Dis Child 62 548 (Sept) 1941 
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SERUM DISEASE AND SERUM ACCIDENTS 

In leviewing the problems of alleigy in wartime Vaughan 39 notes 
that one has learned to lespect the stoiy of the patient who says he has 
horse asthma and so not to put him in the cavalry One has learned 
that hay fever may be seveie 01 mild, incapacitating on the one hand 
and only a slight nuisance on the other — and I can add that the dis- 
tinction is determined by the history and clinical expenence and has 
little to do with the size of any cutaneous leaction which might be 
observed And finally the Aimy and Navy have learned about serum 
sensitiveness Kojis 10 has presented a careful and complete analysis of 
6,211 patients who weie treated with horse seium foi various leasons 
He comments on the 5 patients, or just under 0 10 pei cent, who died 
suddenly after the tieatment, evidently because they were naturally 
sensitive to the foreign protein, they were alleigic persons Kojis 
describes the factors which influence the incidence of seium disease 
the age and sex of the patient, the kind of serum and particularly the 
amount injected and the route by which it is given He describes the 
many symptoms which may be included under the designation of serum 
disease, i ashes are most common, but fever may occur by itself 
Enlaigement of the lymph glands, swelling of the joints, edema of the 
subcutaneous tissues and then, finally, vanous mental and nervous com- 
plications can all appear The Arthus phenomenon with its local 
neciosis beginning at the site of inoculation is rare, but neveitheless it 
is a diamatic result which may be serious And then finally Kojis 
descnbes the vanous methods by which the presence of sensitiveness 
to hoise seium can be anticipated and by which the specific tieatments 
which appeal so necessaiy can be given even in the piesence of this 
sensitiveness It is a useful and timely paper 

In a shoitei aiticle Raclcemann 41 calls attention to the three tj-pes 
of seium leactions senous, sometimes fatal reactions m those allergic 
persons who netei have had serum befoie, severe and sometimes fatal 
leactions m those peisons who have had a preliminary dose of seium 
within a shoit time and so are actively sensitized, just like the guinea 
pig in the laboratory equipment (and heie one can add that when more 
serum is given dui mg the height of sei urn disease or within a few days 
aftei its subsidence, fatal leactions aie particulaily pi one to occur), and 

39 Vaughan, W T Problem of Allergy in Waitime, Mil Surgeon 89 737, 
1941 

40 Kojis, F G Serum Sickness and Anaphylaxis Analysis of 6,211 Patients 
Treated with Hoise Serum for Vanous Infections, Am J Dis Child 64 93 
(July) 1942 

41 Rackemann, F M Medical Progress , Allergy Serum Reactions, with 
Particular Reference to the Prevention and Treatment of Tetanus, New England 
J Med 226 726, 1942 
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this summei a third pollen survey with observers at foity-four stations, 
and other communities, will, no doubt, undertake similar studies after 
the war From sixty-four leplies to a questionnaire on pollen sent to 
all members of the Society for the Study of Asthma and Allied Con- 
ditions, Vander Veer and associates 51 have compiled a preliminary 
lecoid of the pollen which occurs in New England It shows the pollina- 
tion seasons of trees, grasses and lagweed, and it indicates the mmoi 
variations which occur fiom place to place The final leport should be 
an impoitant addition to piesent knowledge Stroh 52 has added a new 
survey of the pollen over Seattle and its vicinity, and fiom Brazil conies 
a i eport by Gi eco and othei s 53 in the state of Minas Gei aes, which is 
on the southeastern side of Brazil and just noith of Rio de Janeiro In 
that state it lams from September 15 to April 15 (in the northern hemi- 
sphere these dates would be Match 15 to October 15), but then the 
grasses come out and glow profusely until June 15 (December 15 m 
this henuspheie) What hay fever there is comes merely for a short 
time from these grasses Phillips 54 has studied the pollen over South 
Australia 

Chemistiy of Pollen — This factor piesents an impoitant problem 
difficult of solution An excellent and a complete survey of the literature 
available to January 1942 has been presented by Newell 05 So far it has 
not been possible to isolate the “skm-sensitizmg principle” in pure form 
In 1939 Stull and Sherman CG found that extracts precipitated by half 
saturation with ammonium sulfate contained mostly albumin, wheieas 
another extract precipitated by full saturation contained globulins Both 
types of extract were skm-test-active, 56n and both could neutralize the 
antibodies m the serum of ragweed-sensitive patients Now Sherman 

51 Vander Veer, A IT , Barnard, I M , Cunningham, T D , Nelson, T , 
Pratt, H N , and Simon, F A Report of the Committee on a Pollen Survey 
of the United States The Society for the Study of Asthma and Allied Conditions, 
J Allergy 13 516, 1942 

52 Stroh, J Flora and Pollen Surveys of Seattle and Vicinity, Northwest 
Med 39 258, 1940 

53 Greco, J B , Lima, A O , and Tupinamba, A The Pollen Content of the 
Air in Belo Horizonte, Brazil, J Allergy 13 411, 1942 

54 Phillips, M E Studies m Atmospheric Pollen, M J Australia 2 189, 
1942 

55 Newell, J M A Review of Chemical Studies on the Allergens in Pollens, 
J Allergy 13 1 77, 1942 

56 Stull, A , and Sherman, W B Further Studies on the Allergenic Activity 
of Protein and Nonprotem Nitrogen Fractions of Ragweed Pollen Extract, J 
Allergy 10 130, 1939 

56a “Skin-test-active” means capable of eliciting a positive cutaneous reaction 
in a patient already sensitized 
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Simon 47 which brings out two interesting points Simon finds that 
hypersensitiveness to mammalian serum is only in part species specific 
The serum of some sensitive persons will neutralize the antibodies 
(reagms) foi many other mammalian serums, but the seimn of others 
will neutiahze the antibodies only for itself and perhaps for one or 
two other mammals The possibility that among the larger land mam- 
mals is an antigenic factor which is common — a group-specific antigen, 
as well as the more typical species-specific antigen — is suggested Simon 
points out that different human beings react to the same sei um complex 
differently, just as Landstemei could show that of two chemicals 
applied to the human skin, certain persons will become sensitive to one, 
others to the second and some to both The other suggestion — that the 
so-called “natural” sensitiveness to horse serum which is sometimes 
observed m persons who give no lnstoiy of previous contact with the 
substance may depend on the common gioup-specific antigen denved 
perhaps from eating meat of various kinds — is attractive 

Reactions to tetanus toxoid have been gieatly 1 educed by improve- 
ments m the method of pieparmg the matenal The details aie described 
m Rackemann’s article already mentioned 11 Peshkm 48 ti eated 65 chil- 
dren known to be allergic to various substances with the combined alum- 
precipitated diphthena and tetanus toxoids Local reactions occuired 
in 25 per cent, but constitutional reactions were not observed The 
antitoxin titer rose to satisfactoiy levels Incidentally, the following 
report is of interest Zuger, Greenwald and Gerber, 40 of the New York 
Depaitment of Health, treated two gioups of guinea pigs, 75 m each, 
with two doses of alum-pi ecipitated tetanus toxoid and then inoculated 
the animals with tetanus spores In the group which received an addi- 
tional booster dose of toxoid at the time of inoculation, 8 animals had 
local tetanus, and none died In the other gioup, however, without the 
booster dose, 13 animals had local tetanus and 4 had geneiahzed tetanus 

HAY TEVER 

Pollen Smveys — These surveys, including daily pollen counts, aie 
exciting the interest of persons who would like to get rid of all pollen- 
producing plants by pulling them up The state of Michigan B0 began 

47 Simon, F A Human Allergy to Mammalian Sera, J Exper Med 75 
315, 1942 

48 Peshkm, M M Immunity to Tetanus Induced by Combined Alum-Pre- 
cipitated Diphtheria and Tetanus Toxoids, Am J Dis Child 62 309 (Aug) 1941 

49 Zuger, B , Greenwald, C K , and Gerber, H Tetanus Immunization 
Effectiveness of the Stimulating Dose of Toxoid Under Conditions of Infection, 
I Immunol 44 309, 1942 

50 Ragweed Pollen Count, Medical News (Michigan), JAMA 119 959 
(July 18) 1942 
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and consists of a polypeptide cariymg a laige peicentage of basic ammo 
acid Tieatment with this matenal gave good lesults in a moderate 
numbei of cases 

Taub and Rubens 03 made an aqueous solution of ragweed which was 
frozen and dried m vacuo and then taken up m sesame oil with the idea 
that absoiption would be slow and the effect more prolonged So far, 
the authois have not found any lepoits of sensitizations to sesame oil, 
and the prepaiation seems to keep well, lemaimng unchanged for over 
a year Howevei, I am not too enthusiastic about oily preparations 

Tieatment of Hay Fever — This has not been advanced much The 
mechanism of the good results lemams obscure, and the only real fact 
is that each year an evei increasing number of patients apply to clinics 
foi treatment and that a ceitam proportion of these patients report at 
the end of the season that they have been much more comfortable than 
usual The technic of tieatment varies widely m different clinics Golan, 
Hill and Sack 04 compare the effects of pi eseasonal and coseasonal 
treatment, on the one hand, and preseasonal treatment alone, on the 
other The results weie substantially the same m the two groups, and 
they conclude that little was to be gained by continuing the specific 
therapy duimg the pollen season Maikow and Rosen, 05 on the othei 
hand, had better results with perennial than with preseasonal methods 
Stoesser, 00 of the University of Minnesota, has analyzed his results and 
declaies that long preseasonal or peiennial therapy is the best 

The study of oral therapy with pollen has been continued Iliff and 
Gay 07 pi esent a table of all the results previously reported in the litera- 
ture, commenting on their wide divergence When ragweed pollen was 
given in large lepeated doses (500 to 250,000 Noon units, or 0 50 to 
250 0 mg ) before the season, the results were not nearly so good as 
those in another senes of patients who were treated by the conventional 
hypodermic method The results were good in only 13 of 62 patients 
treated by oral doses befoie the season, and in none of the 20 patients 
treated during the season weie there any good results at all Further- 
more, abdominal pain, nausea and other leactions weie encountered 
Of the group of 37 patients treated by hypodermic injection m the same 

63 Taub, S J, and Rubens, E A Preliminary Report on the New Slowly 
Absorbed Medium for Use m Hay Fever Treatment, J Allergy 13 138, 1942 

64 Golan, H G , Hill, R , and Sack, S S The Value of Continuing Pre- 
seasonal Therapy During the Pollen Season, J Allergy 13 300, 1942 

65 Markow, H , and Rosen, E A Comparison of Results of Preseasonal 
and Perennial Methods of Treatment of Ragweed Hay Fever, M Rec 155.203 
1942 

66 Stoesser, A V Recent Observations on Hay Fever in Children, Journal- 
Lancet 62 174, 1942 

67 Iliff, E H , and Gay, L N Oral Treatment with Ragweed Pollen, Bull 
Johns Hopkins Hosp 70 378, 1942 
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and Hebald 57 find that constitutional leactions following treatment are 
more likely to occur in those patients who give strong cutaneous reactions 
to the globulin fraction, with or without 1 eaction to albumin at the same 
time Treatment of this gtoup is difficult, but it can be successful if 
the pollen doses aie regulated with care They have to be kept small 
m most cases Stull, Sheiman and Wing 88 find that exliacts piepared 
with water or with solutions of sodium bicarbonate 01 sodium hydroxide 
behaved differently as far as cutaneous tests and neutralization tests 
were concerned It is evident that diffeient methods of exti action pro- 
duce matenals v Inch have slightly diffeient leactions 

Roth and Nelson 00 find two protein fiactions in lagueed pollen One 
is of laige moleculai size and is responsible for the precipitin reaction 
with rabbit antiserum The fraction of small molecular size produces 
the cutaneous reaction in human subjects When a sample of pollen 
was exti acted repeatedly with watei, the later extiacts no longer pro- 
duced a cutaneous reaction, but the residue was still high in its nitrogen 
content and potent in its ability to pioduce immune reactions Abramson 
and his co-workers 00 have studied pollen by electrophoresis When a 
small current of electricity is passed tin ough a solution of proteins those 
elements which are negatively charged go m one direction and those 
which are positively charged in anothei Ragweed contains a major 
component which is negatively chaiged, is colorless, produces extensive 
cutaneous reactions and causes symptoms It migrates slowly Of less 
impoitance is a smallei molecule which is pigmented and moves lapidly 
towaid the negative pole It cairies a positive chaige The difficulty 
is that this also is a skin-sensitizmg substance 

In a paper to be published Nevell 01 demolish ates, first, that the 
components separated by electrophoresis are not pure and, second, that 
each of them studied so far gives a cutaneous reaction test to greater 
oi less extent Rockwell 02 describes a preparation of ragweed pollen 
which can be piecipitated by hydrochloric acid which he claims is pure 

57 Sherman, W A , and Hebald, S A Method of Determining the Proba- 
bility of Constitutional Reactions During Treatment of the Ragweed Hay Fever 
Patient, Am J M Sc 203 383, 1942 

58 Stull, A , Sherman, W B , and Wing, W M Antigenic Fractions in 
Ragweed Pollen, J Allergy 13 537, 1942 

59 Roth, R R , and Nelson, T Proteins of Ragweed Pollen, J Allergy 13 
283, 1942 

60 Abramson, H A , Moore, D H , and Gettner, H H Electrophoretic and 
Ultracentrifugal Analysis of Hay-Fever-Producing Component of Ragweed Pollen 
Extract, J Phys Chem 46 192, 1942 

61 Newell, J M Electrophoretic Studies on the Chemical Fractionation of 
Ragweed Pollen Extracts, to be published 

62 Rockwell, G E Studies on Chemical Nature and Standardization of 
Pollen-Antigen, J Immunol 43 259, 1942 
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Chicago Monow, Lowe and Prince 72 have collaboiated in a study of 
the molds recovered m various parts of cential and southwestern United 
States Certain molds, like Aspergillus and Pemcillium, occur every- 
wheie and are piesent at almost all times of the year, including the 
noi them stations dui mg cold weather Other molds, however, like 
Alternana and Hoimodendrum, have a moie definite seasonal fluctua- 
tion The individual seasons, howevei, vary considerably from year to 
year, and the molds vaiy much more than do the pollens In Texas 
the curves of the mold counts are rather fiat, whereas in the noithern 
area shaip peaks occur, evidently dependent on changes in wind currents, 
weather and dampness It is interesting that on one occasion molds 
were recoveied fiom the air immediately after a heavy fall of snow 
and several days of near zero weather Bernstein and Femberg 73 have 
also studied the molds in the Chicago air and for a total period of five 
yeais They agiee that individual fungi vary widely m their relation 
to seasons and weathei, the incidence of some having relatively little 
relation to the time of year It begins to look as though molds were of 
even greater importance than has been appi eciated 

I would like to go back to an obseivation which was made by 
Rackemann, Randolph and Guba 74 in 1938 that m the case of the mold 
Cladosponum a well marked species specificity was clearly demonstrated 
m a small group of patients Since then cutaneous tests with the prod- 
ucts of stock mold cultures have been made m many clinics and with 
results which aie not always clearcut and distinct The results are 
suggestive rathei than clearly positive I wonder whether this observa- 
tion may not be impoitant after all, that a much higher degree of speci- 
ficity exists among the molds than has been so far appreciated On the 
other hand, I and many others have tested patients not only with a 
single strain of Alternaria, for example, but with a number of stock 
stiams at the same time and yet have not encountered variations m the 
reactions which might be called striking The concept of a high degree 
of specificity is intei estmg, but so far at least it cannot be demonstrated 
m any number of patients The whole pioblem concerning the impor- 
tance of fungi m allergy of the respiratory tract needs further study 
Waldbott and his assistants 75 found that cutaneous reactions to molds 

72 Morrow, M B , Lowe, E P , and Prince, H E Mold Fungi in Etiology 
of Respiratory Allergic Diseases Survey of Air Borne Molds, J Allergy 13. 
215, 1942 

73 Bernstein, T B , and Femberg, S M Air-Borne Fungus Spores Five 
Year Survey of Daily Mold Spore Content of Chicago Air, J Allergy 13 231, 1942 

74 Rackemann, F M , Randolph, T G, and Guba, E F The Specificity of 
Fungous Allergy, J Allergy 9 447, 1938 

75 Waldbott, G L , Blair, K E, and Ackley, A B An Evaluation on the 
Importance of Fungi m Respiratory Allergy, J Lab & Clin Med 26 1593, 1941 
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season, good results were obtained in 24 The oral treatment cannot 
compare with the subcutaneous method As for “coh metabolin” (Ini- 
tiate of Escherichia coli [TosseJ), Loveless and Baldwin 08 studied it 
carefully but found that “the transient benefits were duplicated m degiee 
and duiation by injections of saline” Meantime, the treatment of hay 
fever is not a simple oi casual pioceduie to be undei taken without 
pioper consideiation Fiancis 09 took care of a young mamed woman 
who suffered a severe geneial reaction aftei an injection of grass pollen 
which lesulted in an aboition of her piegnancy Colmes 70 has followed 
a number of patients who gave histones quite typical of ragweed ha} 
fever but in whom cutaneous tests were always negative Ophthalmic 
tests, however, yielded positive reactions m many of them, and the 
results of nasal tests made by the insufflation of dry pollen were positive 
in several Tieatment was given in laige doses, and good results were 
obtained in over half the patients Meantime, it is interesting that 
general constitutional reactions of slight degree weie observed in 5 
patients Here is another illustration of the discrepancies which are 
observed frequently Even though the cutaneous reaction is slight, the 
occurience of constitutional reaction shows that the patient is sensitive 
nevertheless 

Hay fever is the typical form of allergic manifestation It is a com- 
mon disease It seems almost pathetic that one knows so little about its 
mechanism and especially about the method by which the good lesults 
m treatment are obtained One feature is impressive that the gross 
results reported fiom those clinics which treat a laige number of patients 
show about the same percentage figures These results are excellent m 
about 20 per cent of cases , they are good m anothei 60 per cent, and 
they aie poor m about 20 per cent, and this despite the fact that 
different pollen material, diffeient kinds of extiact and different technics 
of tieatment are employed The field is open, and if this portion of it 
can be cultivated, the harvest will be abundant 

Fungus Spoies — These can also cause hay fevei During the last 
year several excellent papers have been presented Dui ham 71 gives an 
excellent scholarly bibliography with a histoncal survey of the whole 
mold pioblem, including a five yeai survey of the mold Aspeigillus m 

68 Loveless, M H , and Baldwin, H S “Coh Metabolin” Therapv in Hay 
Feier Psychogenic Benefits, JAMA 118 4S1 (Feb 7) 1942 

69 Francis, N Abortion After Grass Pollen Injection, T Alleigy 12 559, 
1941 

70 Colmes, A Pollen Disease m the Absence of Positne Skin Tests, New 
England J Med 225 817, 1941 

71 Durham, O C Air-Borne Fungus Spores as Allergens, Publication 17, 
Amencan Association for the Advancement of Science, New York, Doubleday, 
Doran & Company, 1942, vol 32 
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liaid to piove except m a few isolated cases The bronchial spasm 
could be a conditioned leflex from some distui bance of the nose and 
sinuses, but this idea is likewise haid to demonstrate except m a few 
paiticular cases Neivous factors are present, but whether they aie 
the cause of the piocess 01 merely the lesult of it is hard to say Finally 
come the theones concerning endocime substances and vitamins, which 
so fai are only suggestions Heie is anothei pioblem, anothei poition 
of the field which is wide open and full of stones 

True Pathologic Causes of Asthma — This type of cause is being 
tecogmzed more and more — as suggested m the opening paiagiaphs of 
this leview This is not the place foi any analysis of the laige literature, 
but attention can be called to ceitain papeis Carcinoma can involve 
any poition of the lung, and the symptoms will vaiy m accoi dance with 
its location, paiticulaily if the wall of the bronchus is involved A paper 
by Holmes 78 contains two schematic diagi ams which give the whole 
stoiy m a cleai and simple mannei Prickman and his associates 79 
descube 3 patients who complained pnmanly of asthma but whose 
wheezing v as due to carcinoma of the bi onchus Nof singer and Vinson 80 
had a patient whose cough and wheeze seemed to ongmate on the right 
side of his thoiax Tie had no pain, and he did not expectoiate blood, 
but what he had was an mtiabionchial metastasis of hypeinephioma 
The hteiatuie on cancel of the lung is leviewed by Perrone and 
Levinson 81 in a helpful article In bronchiectasis the sputum is thin 
and watery, it is not often viscid and tenacious Patients with this 
condition complain of cough, and occasionally they wheeze In asthma, 
howevei, the sputum does not flow fieely It is tenacious and is highly 
viscid Patients with asthma wheeze, and occasionally they cough It 
is mteiestmg to consider that the diffeience between the two gioups 
depends chiefly on the physical chaiacteri sties of the bronchial exudate 
The natural histoiy of bronchiectasis is described m a scholarly paper 
by Ogilvie 82 Pulmonary fibrosis may cause mci easing dyspnea In 2 
cases described by Linenthal 83 autopsy revealed changes m small blood 

78 Holmes, G W Carcinoma of the Bronchus, New England J Med 227: 
-503, 1942 

79 Prickman, L E , Maytum, C K, and Moersch, H J Asthma and 
Primary Carcinoma of Bronchus, J Allergy 13 261, 1942 

80 Nofsinger, C D , and Vinson, P P Intrabronchial Metastasis of Hyper- 
nephroma Simulating Primary Bronchial Carcinoma, JAMA 119 944 (July 
18) 1942 

81 Perrone, J A, and Levinson, J P Primary Carcinoma of the Lung 
(Report of One Hundred and Fifteen Cases, Thirty-Eight Autopsies and Seventy- 
Seven Bronchoscopic Biopsies), Ann Int Med 17 12, 1942 

82 Ogilvie, A G The Natural History of Bronchiectasis, Arch Int Med 68 
395 (Sept) 1941 

83 Linenthal, H Observations Concerning Pulmonary Fibrosis m Raynaud’s 
Disease, J M Soc New Jersey 227 433, 1942 
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weie positive m 69 pei cent of a large gioup (841) of alleigic patients 
But in spite of this they confess that allei gy of the respiratory tract 
due to one single fungus is laie, and it would seem likely that their 
obseivations are based on cutaneous icactions which are not as clearcut 
and sharp as one would like to see Pei haps the technic of making 
extracts is faulty Pratt, 70 foi example, finds that when the spoies and 
the mycelial thieads of Alteinana weie each obtained in a relatively pure 
state, cutaneous tests made with spoie extiacts gave a much gi eater 
reaction than did the tests with mycelial extiacts Crossed experiment 
showed that spoie extiacts could sensitize to mycelial extiacts, but per 
conti a mycelial extracts had no effect on sensitiveness to spores 

ASTHMA 

Last winter at the meeting of the Ameiican Society for the Study 
of Asthma and Allied Conditions, Di T B Mallory showed a chart 
lllustiatmg the mode of death of 50 patients suffering with severe asthma 
who had come to autopsy at the Massachusetts General Hospital Each 
patient was tepiesented by a honzontal line which began at the age of 
onset and ended at the age of death The chart as a whole demonstrated 
three points Fust, when asthma begins m childhood and before the 
age of 20, life i uns its usual course, and death occurs some time aftei the 
age of 50 and is caused ordinarily by pneumonia or by heart disease, 
at least it is not due to asthma Second, when asthma begins in early 
middle age, between the ages of 30 and 40, it may be complicated by 
penartentis nodosa, and on the chart were represented 5 patients with 
this disease, which makes the rather high incidence of 10 per cent for 
periarteritis nodosa m severe asthma Third, the chait showed that 
when asthma begins late m life, after the age of 45, the course of the 
disease may be short and death may occur from asthma within as little 
as two or three years after the onset Does this mean that every patient 
in whom asthma begins after the age of 45 is doomed to die soon ? It 
is this study of the pathologic aspects which has led to a careful follow-up 
of end results, which will be analyzed and published m the futuie 

1 77 am convinced that “mtunsic asthma” is a special type of asthma 
which has nothing to do with allergy in the oidinary sense Attempts 
to associate the disease with contact with any particular dust or food 
substance are quite unavailing The clinical history of patients with 
this type of asthma cannot be explained in any such easy fashion Bac- 
terial asthma it might be — dependent on a hypersensitiveness to the 
products of bacterial action in some form of infection This again is 

76 Pratt, H N The Comparative Atopic Activity of Alternaria Spores and 
Mycelium, J Allergy 13 227, 1942 

77 Rackemann, F M Intrinsic Asthma Further Observations, J Allergy 
13 622, 1942 
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Othei points aie of less impoitance Maisel and Somkm b0 have 
added nicotinic acid (niacin) m doses of 0 10 Gm to the list of those 
substances which can lelieve asthma by mtiavenous injection Varia- 
tions m the potassium intake have been descubed as impoitant in 
asthma, but Hai sh and Donovan D0 studied the pi oblem and could find 
no i elation between the seventy of the symptoms and diets containing 
as little as 1 Gm of potassium chlonde per day oi as much as 18 Gm 
pei day Racemic epinephiine is a mixtuie of equal paits of levorota- 
toiy and dextrorotatory substances, according to a repoit of the Council 
on Phaimacy and Chenustiy of the Amencan Medical Association 01 
Epinephrine U S P is levorotatoiy and is active, dextrorotatory 
epinephiine is, howevei, inactive, so that racemic epinephiine is only 
half as stiong as the conventional pioduct A tiue sensitiveness to 
epinephiine has been descubed by Dumin, 02 who obseived acute urticaria 
in a patient with asthma after an injection of 0 75 cc of 1 100 solution 
of epinephiine h) drochloride Finally, Vaughan and Giaham 08 warn 
one again concerning the use of moiphme m the treatment of asthma 
Theie aie two reasons which deseive lepetition here First, morphine 
depresses the lespiratoiy centei and undei the influence of the drug the 
patient may be literally suffocated by the viscid secietion that fills all of 
his tubes Secondly, moiphme is a paiasympathicomimetic diug A 
solution of moiphme will pioduce a cutaneous reaction on the arm of a 
noimal peison Morphine can actually cause bionchospasm and so may 
be the last stiaw which kills the patient “After the injection he went 
to sleep and slept until some one realized that he wasn’t bieathmg any 
moie •” 

ECZEMA 

The natuie of eczema, and particulaily the differences between the 
so-called “atopic eczema” and the so-called “contact dennatitis,” aie 
discussed m two excellent articles by Hill 04 In his pi actice among 
infants and young children he encounteied and studied 105 cases of 

89 Maisel, F E , and Somkin, E Treatment of Asthmatic Paroxysm with 
Nicotinic Acid, J Alleigy 13 397, 1942 

90 Harsh, G F, and Donovan, P B The Effect of Wide Variations m 
Potassium- Sodium Intake m Asthmatic Children, J Alleigy 13 105, 1942 

91 Status of Racemic Epinephrine for Oral Inhalation, report of the Council 

on Pharmacy and Chemistry, JAMA 120 287 (Sept 26) 1942 ' 

92 Dumm, J F Urticarial Reactions in an Asthmatic Patient Following an 
Injection of Natural Epinephrine, Prensa med argent 28 303, 1941 

93 Vaughan, W T , and Graham, W R Death from Asthma A Warning, 
JAMA 119 556 (June 13) 1942 

94 Hill, L W (a) The Classification of Eczematoid Eruptions m Children 
with Especial Refeience to Contact Dermatitis, J Pediat 20 537, 1942, ( b ) The 
Production of Nonetiological Skin Hypersensitivity to Foods by Natural Means in 
Atopic Persons, J Allergy 13 366, 1942 
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vessels, and one wonders whether these can be related to the other 
changes observed m penarteritis nodosa And then finally emphysema 
may itself cause asthma, a wheeze which complicates the ever increasing 
dyspnea This is the common type of “pulmonary insufficiency,” a 
process which makes the lungs as a pair of bellows inefficient and unable 
to cany on their normal function “The Vanishing Lung” is the interest- 
ing title which Allison 84 uses to describe the insidious slow increase 
of the destruction of the structure and the function of the lung Emphy- 
sema occurs in all cases of asthma as a temporary stretching of the lung, 
physiologic emphysema which disappears when the attack subsides In 
organic emphysema the lesion is permanent, it is 11 reversible Also, 
the symptom is persistent and unfortunately meversible Meanwhile, 
Tiaisman 85 describes death fiom asthma in an infant aged 12 months 
Autopsy showed marked emphysema, but the mucus plugs which are so 
characteristic of fatal asthma in adults were encountered in only two 
of the bronchi 

Treatment of Asthma — On this subject there is nothing leally new 
Gay and Remhoff 88 have published the results of bilateral lesection of 
the pulmonary plexus of the vagus nerve The operation is radical and 
dangerous, since 6 of the 21 patients died within a week In 8 of the 
21, howevei, the lesults were quite successful Three patients have 
been lestored to almost peifect health, and 5 others are so relieved that 
they can resume gainful occupations Potassium iodide, whether given 
by vein oi by mouth, can be demonstrated in the bronchial secretion 
within fifteen minutes, accoiding to Tuft and Levin 87 It is excreted by 
the mucoid cells m the bronchial tree, and it has two actions , the first is 
to stimulate the smooth muscle of the bronchi, helping them to move 
the secretion, and the second is to liquefy the secretion and make it less 
viscid No wonder potassium iodide is so effective 1 

Bases and Kurtm 88 find that 6 of 7 patients who died m an attack 
of asthma were actually suffocated by the secretion in the bronchi, and 
they suggest that bronchoscopy to remove the block may be life saving 
In 1 of their patients bronchoscopy resulted in immediate improvement 
It is a timety suggestion 

84 Allison, S T The Vanishing Lung Report of a Case of Advanced 
Bullous Emphysema, Ann Int Med 17 139, 1942 

85 Traisman, A S The Pathology of Asthma in Children, Arch Pediat 
58 407, 1941 

86 Gay, L N , and Reinhoff, W M Treatment of Intractable Bronchial 
Asthma by Bilateral Resection of Pulmonary Plexus Further Observations, Bull 
Johns Hopkins Hosp 80 386, 1942 

87 Tuft, L , and Levin, N Studies in Expectorant Iodides, Am J M Sc 
203 717, 1942 

88 Bases, L , and Kurtin, A Prevention of Death in Status Asthmaticus * 
Value of Bronchoscopy, Arch Otolaryng 36 79 (July) 1942 
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impoitant, is the list of substances occurring in cosmetics and diugs It 
is said that 90 pei cent of the dermatitis which occuis on the eyelids is 
caused by nail polish Nine new cases are descnbed by Palmer 100 
Buigess 101 lepoits that the actiVe ingredient m nail polish is the basic 
lacquei made of mtiocellulose but that occasional leactions depend on 
the colonng mattei Butesin piciate is an old offendei, but Boylan 102 
leports a new case of extensive deimatitis which complicated a bad bum 
that w r as ti eated with this di ug In a case i epoi ted by Laval 103 a patient 
was ti eated with a solution of paiednne hydiobiomide (p-hydioxy-a- 
methyl-phenylethylamme hydrobiomide) diopped into the eye daily for 
seventy-nine days On the eightieth day the concenti ation was increased 
from 1 to 3 pei cent, and three days later typical conjunctivitis with 
surrounding deimatitis developed Beimeitei 104 obtained a positive 
patch leaction with a 1 5 dilution of sodium hydiochlonte m a woman 
m whom vaginitis developed aftei she had used a douche which contained 
sodium hypochloute (clorox) 

Ding Allcigy — This subject also includes a variety of general dis- 
turbances Fox, Gold and Leon 105 descnbe a seveie leaction with fever, 
flushing, erythema, salivation, nausea and vomiting which followed an 
intravenous injection of mercupunn into a woman of 27 Phenobarbital 
caused an exfoliative deimatitis which was fatal m the case leported hy 
Winer and Baer 100 Kampmeier 107 descnbes a patient m whom a gen- 
eralized uiticaria developed on each of four attempts to inject tryparsa- 
mide into a vein This led to the piactical finding that at Vanderbilt 
University Hospital 829 patients had been given 43,308 injections of 
tryparsamide but that urticaria followed m only 5 instances In none 
of them did the reaction occur before the ninth dose 

Goldburgh and Baer 108 report the ninth death recorded in the 
American literature after intravenous administration of diodrast Do 

100 Palmer, R B Dermatitis from Nail Lacquer, Arch Dermat & Syph 
44 13 (July) 1941 

101 Burgess, J F Nail Polish Dermatitis, Canad M A J 45 336, 1941 

102 Boylan, C E Butesin Picrate Dermatitis with Case Report, Illinois M J 
79 226, 1941 

103 Laval, J Allergic Dermatitis and Conjunctivitis from Parednne Hydro- 
bromide, Arch Ophth 26 585 (Oct ) 1941 

104 Bernreiter, M Sodium Hypochlorite Dermatitis, J Kansas M Soc 42 
424, 1941 

105 Fox, T T , Gold, H , and Leon, J Hypersensitiveness to A Mercurial 
Diuretic with Observations on Its Mechanism, JAMA 119 1497 (Aug 29) 
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atopic eczema and 31 cases of contact dermatitis Mixtuies of the two 
types aie common and piesent difficult problems Also, the presence of 
eczema makes the skin moie susceptible to noxious agents of all sorts, 
particularly to soap and water Hill’s discussions reflect his wisdom, 
expei lence and common sense 

Another good papei is by Osborne, Joidan and Hallett 05 who 
reviewed 120 cases of eczema, finding that foods played a part in not 
ovei 10 to 15 pei cent It is intei estmg to find that factors of dust m 
the environment, wool, silk, feathers, animal dandei s, etc , wei e causes 
of eczema in the laige majority of cases This is interesting if only 
because it suggests that absorption thiough the lespiratory tiact is 
quite as impoitant as absorption through the gastrointestinal tract The 
obsenation is correct, but what is the mechanism of this absorption ? 
Can pi otems pass through the bronchial or the alveolar epithelium ? The 
questions are pioper In adults dermatitis of the contact t)pe is the 
important form of eczema Oliver 90 gives a list of causes met v ith m 
mdustiy, as recorded foi the United States Public Health Seivice They 
include the following ones petroleum oil and greases , alkalis, including 
cement and coneiete — pioducing the so-called “cement itch”, solvents, 
chromic acid and its salts , metals and plating , dyes , plants , rubber and 
its compounds, paints and varnishes, and, finally, synthetic lesms The 
list is long and no doubt will be still longer later Lane and his 
co-workers 07 ai e also intei ested in industrial and occupational derma- 
toses and have done much to stimulate interest in this subject Lane 08 
says that a conservative estimate for the country as a whole is about 
25,000 new cases of industrial dermatitis a year and that in some indus- 
tries the development of dermatitis constitutes a serious problem 
Meantime, soap is an aggiavatmg factor At the meeting of the Amer- 
ican Medical Association at Atlantic City, N J , m June 1942, Drs 
Lane and Blank 99 presented an exhibit of cutaneous detergents — “Soap 
substitutes of various kinds which are useful m the treatment of contact 
deimatitis when soap itself cannot be used ” The important points of 
this exhibit have been published recently Next in importance to the 
list of foieign substances met with m industry, and perhaps even more 

95 Osborne, E D , Jordan, J W , and Hallett, J J The Practical Manage- 
ment of Eczema m Infants and Children, New York State J Med 42 47, 1942 

96* Oliver, E A Contact Dermatitis, N Clin North America 26 13, 1942 

97 Lane, C G , Denme, C C , Downing, J G , Foerster, H , Oliver, E A , 
and Sulzberger, M Industrial Dermatoses A Report by the Committee on 
Industrial Dermatoses of the Section on Dermatology and Syphilology of the 
American Medical Association, JAMA 118 613 (Feb 21) 1942 

98 Lane, C G The Recognition of Occupational Dermatoses, New England 
J Med 39 42, 1942 

99 Lane, C G , and Blank, I H Cutaneous Detergents, JAMA 118 
804 (March 7) 1942 
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geneialized macular eruptions appeared Thrombopemc puipura fol- 
lowed medication with sulfathiazole m the case reported by Rosenfeld 
and Feldman 111 Rothstein and Cohn 112 had an analogous experience 
Acute hemolytic anemia and toxic hepatitis with evidence of damage 
both to the liver and to the kidneys developed in their patient aftei 
tieatment with sulfathiazole The man was extremely ill, but he 
lecovered Not always, howevei, does sulfathiazole act on the blood- 
foiming oigans In the 3 cases reported by Denme 113 pustular and 
vesicular lesions developed on the hands and feet and later over the 
whole body In 1 patient the relation between the lesions and the drug 
was not recognized at first, and when tieatment was continued, swelling 
of the tongue, with closure of the eyes, developed, and for a time the 
patient’s condition was serious As Nelson 114 says, the first course of 
treatment with a sulfonamide pieparation is not apt to lead to compli- 
cations, but if an interval is allowed to lapse, particularly if this interval 
is only a few weeks or a month m duration, and then the drug is given 
again, a reaction typical of allergy may occur Sulfadiazine (2-[para- 
ammobenzenesulfonamido]-pynmidme) may also cause reaction In 
the case reported by Curry 115 acute agranulocytosis developed m a 
woman of 41 after prolonged administration of sulfadiazine What 
interests me is that this reaction may involve quite different organs in 
different patients Keefer 110 also lays stress on this in his excellent 
review of all the toxic reactions which may follow treatment with a 
sulfonamide compound The paper includes a classified bibliography 
which should be helpful to those persons interested m the subject In 
some cases the reaction can be called toxic because it appears on the 
first dose m a patient who has never had previous contact with the 
substance But where there is a story of previous tieatment without 
ill effects and then of an interval before the second course, one has to 
believe that this first treatment produced a change m the patient to 

111 Rosenfeld, S , and Feldman, F Thrombopemc Purpura Due to Sulfa- 
thiazole, JAMA 118 974 (March 21) 1942 

112 Rothstein, I , and Cohn, S Acute Hemolytic Anemia Autoagglutination 
Toxic Hepatitis and Renal Drainage Following Sulfathiazole Therapy, Case 
Report, Ann Int Med 16 152, 1942 

113 Denme, C D Angioneurotic Edema and Dermatitis Venenata-Like 
Lesions Due to the Oral Administration of Sulfathiazole, JAMA 120 197 
(Sept 19) 1942 

114 Nelson, J Acquired Sensitivity to Sulfonamide Drugs, JAMA 119 
560 (June 13) 1942 

115 Curry, J J Acute Agranulocytosis Following Sulfadiazine, JAMA 
119 1502 (Aug 29) 1942 

116 Keefer, C S Toxic Reactions Following Sulphonamide Treatment, New 
England J Med 226 266, 1942 
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these dieadful expenences mean that intravenous pyelography with 
diodrast should be abandoned 7 Far from it 1 The subject was discussed 
at a recent meeting of the American Roentgen Ray Society, and it 
was reported that among 600,000 patients studied by intravenous 
pyelography with the use of many ladiopaque preparations, including 
diodrast, only 25 deaths had occuried On the other hand, constitutional 
reactions, sometimes only a chilly sensation with headache, other times 
a severe collapse with chills, weakness and impalpable pulse, occur with 
considerable frequency Naterman and Robins 109 found that cutaneous 
tests made by injecting 0 05 cc of undiluted diodrast into the skin of the 
forearm gave positive results m 155 of 404 patients When the drug 
was given regaidless of the result of the test (as it had been given m 
times past), reactions occuried in 67 patients, or 43 per cent It is 
interesting, however, that m the otheis no reactions occuried, even 
though the result of the test was positive The cutaneous test yielded 
a negative result in 249 of the 404 patients, but nevertheless leactions 
did occur — m 14 instances The result of the cutaneous test evidently 
has a considerable significance, but on the other hand, the test is not 
infallible I believe that whenever a foreign substance of complex 
nature, be it drug or serum, is to be injected into a patient, tvo simple 
questions should be asked The first is “Are you allergic 7 ” (which 
means Does this patient have hay fevei or asthma or some other 
manifestation of allergy which indicates that he is likely to have a 
capacity for the development of sensitiveness to foieign substances 7 ) 
The second question is “Have you ever had an injection of this substance 
before 7 ” (which means Has he had previous treatment which might 
have sensitized him 7 ) Naterman and Robins found a positive history 
of allergy m 38, or 9 pei cent, of their patients, and 31, or 80 per cent, 
of these showed positive cutaneous reactions Unfortunately, the 
authors do not tell about the relation between the clinical history of 
allergy and the occunence of systemic leactions to diodrast 

Reports on reactions to sulfonamide diugs are numerous Four 
interesting papeis are concerned with reactions to sulfathiazole 
(2- [paraammobenzenesulfonamido] -tlnazole) Sams and Capland 110 
descube a patient m whom an eczematous dermatitis of the external 
ear developed after local treatments with sulfathiazole powder Tieat- 
ment was omitted, but several weeks later the same man was given 
15 grains (0 97 Gm ) of sulfathiazole by mouth Within four hours 
an acute dermatitis with massive edema of the face and ears and 

109 Naterman, H L , and Robins, S A Cutaneous Test with Diodrast to 
Predict Allergic Systemic Reaction from Diodrast Given Intravenously, J A 
M A 119 491 (June 6) 1942 

110 Sams, W M , and Capland L Topical Treatment with Sulfathiazole, 
Arch Dermat & Syph 44 226 (Aug) 1941 
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El corazon y la circulacion en los hipertiroideos By Hector Gotta, M D 

Pp 103, with 13 plates Buenos Aires Sebastian Amonortu e ITijos, 1938 

The author has prepared this book as a contribution to the study of the 
unsolved problems of hyperthyroidism Its nine chapters begin with a study of 
the precordial area of patients who have hypei thyroidism, a study which in 1938 
was published as a paper in the Archives or Internal Medicine (Gotta, H 
Size and Shape of the Heart m Hyperthyroidism, Arch Int Med 41 860 
[June] 1938) In the second chapter the shape of the heart of patients who 
have exophthalmic goiter is considered The author finds that 33 per cent of 
patients with this disorder have a prominent left middle arc as an outstanding 
abnormal feature m the general configuration of the heart This percentage 
decreases as age progresses, and the abnormality never has been noted to appear 
during the course of the disease or to disappear after complete recovery of the 
patient Therefore, it must be considered to be a constitutional element, the 
authoi thinks, probably characteristic of persons in whom there is a tendency for 
the thyroid to become hyperfunctioning 

Electrocardiographic changes are discussed on the basis of study of 203 patients 
on whom 305 tracings were made Full consideration of the subject led the 
author to the conclusion that there are not constant or specific variations in the 
tracings of patients who have exophthalmic goiter The paiticular instance of 
the negative T wave in leads II and III, as encountered previously by Wilhus 
and Boothby in 3 patients, does not necessarily constitute a contraindication to 
thyroidectomy or an unfavorable prognosis 

Particular attention is given to auricular fibrillation associated with hyper- 
thyroidism The author feels that hyperthyroidism itself is an important factor 
in the production of such fibrillation, but because its frequency increases with the 
age of the patient, the author thinks that arteriosclerosis and hypertension also 
should be considered As a general rule, he said, patients who have exophthalmic 
goiter and auricular fibrillation should be examined for associated cardiovascular 
disease, which usually is responsible for the enlargement of the precordial area 
that is encountered in a good number of cases Subtotal thyroidectomy actually 
is the best treatment of auricular fibrillation in exophthalmic goiter, iodine and 
digitalis are the most helpful drugs to administer during the preoperative and 
postoperative periods, and quinidme has exceptional value m cases of persistent 
fibrillation after surgical removal of an adequate amount of glandular tissue 

In regard to blood pressure the author finds that an increased differential 
tendon occurs as a result of elevation of the systolic pressure and decrease of 
the diastolic pressure, the latter being more constant and more noticeable Usually, 
he said, aftei cure of the hyperthyroidism, blood pressure returns to the values 
which obtained previous to the onset of the disease 

In discussing anatomic and physiologic aspects of the circulation in the pies- 
ence of exophthalmic goiter the author places himself with those investigatoi s 
who believe that hyperfunctioning of the thyroid gland does not produce specific 
or organic lesions of the myocardium He thinks there are good reasons to con- 
sider the cardiac disturbances encountered in cases of this condition as purely 
functional disturbances 

Angina pectoris and cardiac failure frequently are associated with hyperthy- 
roidism, and Gotta believes that in these conditions hyperfunction of the thyroid 
gland is an important precipitating factor He remarked that a weak heart is 
not a contraindication to the surgical treatment of exophthalmic goiter, on the 
contrary, he declares it is an adequate indication for thyroidectomy 
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sensitize him m the active and literal sense and so to demonstrate that 
the seveie reactions following the 1 eapplication depend on a change in 
the recipient rather than on any toxic pioperty of the diug itself. 

COMMENT 

Once again I have tiled to select and comment on those papers 
published dui mg the last year which seemed to tlnow some light on 
the mechanism of alleigy The subject of allergy has been approached 
fiom many angles, and at first the vanous observations seem to be 
rathei isolated If, however, one turns the pages rapidly to skip many 
details and to consider the problem as a whole, there is one point which 
is common to them all 

The natuie of the allergic lesponse vanes widely among different 
patients, evidently because different tissues are sensitized to diffeient 
degrees Landstemer shoved this in the sensitization of his animals 
to certain chemicals, Cnep’s observations on twins demonstrated it, 
the Arthus phenomenon is obviously a local process Pollens affect the 
noses of ceitam peisons and the bionchi of otheis, and in the case of 
drugs the wide vanation among the manifestations of drug alleigy are 
always impressive In othei woids, is it not clear that the symptoms 
of allergy depend on tissue reactions — in one tissue m 1 patient, in 
anothei tissue in another patient ? Cutaneous tests aie losing some of 
then glamour, because it appeals that tissue sensitiveness may be quite 
localized, and the tissues involved may or may not include the skin 
Such a concept is supported by the marked discrepancies which are 
obseived so commonly In hay fetei, for example, one finds extensive 
cutaneous reactions m patients who have no symptoms to go with them 
And then, on the othei hand, as Colmes shows, theie are patients who 
aie clinically sensitive but in whom the results of cutaneous tests remain 
quite negative In the case of diodrast Naterman finds that m certain 
patients whose cutaneous leactions to the drug are positive systemic 
leactions deA^elop when it is injected But, on the other hand, dis- 
crepancies occur m both directions , m some cases the cutaneous reaction 
vas positive, but the tieatment was given without leaction, while m a 
few other cases m which cutaneous tests yielded negative lesults, the 
treatment itself caused tiouble It looks, therefore, as though tissues 
and their reactions constituted the real problem in allergy Studies of 
antibodies m the blood aie always interesting, but then role is secondaiy 

The statement “If it was easy, it wouldn’t be any fun” applies 
particulaily to the study of allergy 

263 Beacon Street 
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and Childhood, bj Benjamin W Carey, Electroencephalograph}, by Major Normal 
Q Brill, The Role of Vitmin K in Hemorrhage m the Newborn Period, b} 
H G Poncher, Persistent Ductus Arteriosus and Its Surgical Treatment, by 
Robert E Gross , The Premature Infant, by Abraham Tow , Tuberculosis, 
by Waldo E Nelson, Endocrinology , b} Murray B Gordon, and Short Abstracts 
of Some Other Advances in Pediatrics, by Adolph G De Sanctis and George 
E Pittmos 

The volume will undoubtedl} be of greatest yalue to those persons y\ho find 
it impossible to coyer the current pediatric literature as it appears The reyiewer 
leels that m general the yarious articles could be presented in a much more con- 
densed form, particularly since the original y\ork has been published so recentl} 
and is so readily ayailable 

The section on Toxoplasmosis, by Dr Albert B Sabin, rightly stands first in 
the yolume as the most lucid and interesting contribution Some subjects, such 
as c}stic fibrosis of the pancreas, influenzal meningitis and the prophylactic use 
of sulfanilamide in rheumatic feyer, seem to desene more detailed coyerage than 
is accorded them in the short abstracts in the final section 

“Advances in Pediatrics’' should prove to be of inestimable yalue to the busy 
practitioner 

Blood Substitutes and Blood Transfusion By Stuart Mudd, M A , MD, 
professor ot bacteriology", Umversit} of Penns} hania School of Medicine, 
Philadelphia, and William Thalhimer, MD, director, Human Serum Division 
Public Health Research Institute of the Cit} of Neyv York, Inc First edition 
Hammermill straw Price $5 Pp 407 Springfield, 111 Charles C Thomas, 
1942 

This symposium-monograph is the yyork of many authors Many of the papers 
yyere presented at the annual meeting of the American Human Serum Association 
held m June 1941, at Cley eland An} advance work done on the particular sub- 
jects were included when the proofs were read this spring The book is filled 
with information, interesting and valuable not only to the specialist, but also to 
the individual who is seeking an answer to many of the present day questions 
relating to whole citrated blood, blood plasma, blood serum and other blood sub- 
stitutes The book is ably summarized m the last chapter, “successful management 
of shock requires early recognition and effective measures for breaking the vicious 
circle These will be directed toward removing the cause, toward increasing the 
blood yolume and toward relieving anoxia” The four general methods of pre- 
serving plasma and serum are discussed Points for and against each method are 
given The merits of hemoglobin, serum albumin and casein digest as blood 
substitutes are discussed The storage, transportation and administration of whole 
blood is ably presented The Rh factor is discussed in a readily understandable 
manner The specific A and B factors are shown to neutralize the anti-A and 
anti-B isoagglutmins found in group O blood Reasons for and against the use 
of group O blood as from a universal donor are presented On the whole, the 
book is interesting, informative and of value to general practitioner and specialist 
alike 

Blutdruckmessung und Kreislauf in den Artenen des Mensthen Bv 
Heinrich von Recklinghausen Pp 532, with 197 figures Leipzig Theodor 
Steinkopff, 1940 

This amazing book is an exhaustive treatise on the theoretic and laborator} 
aspects of the human pulse and blood pressure It would be difficult to discover 
any omissions of mathematical, physical or historical material, the book is evi- 
dently the result of a lifetime of patient collecting of material relating to hemo- 
djnamics Every imaginable type of sphygmographic and sphygmomanometric 
device is illustrated and discussed The historical notes are interesting and bear 
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A complete bibliography and a brief index constitute the final pages of this 
interesting monograph It is well printed and thoroughly readable, and undoubt- 
edly it will prove of considerable value to persons especially interested m cardio- 
vascular and endocrine diseases 

Internal Medicine in Old Age By Albert Muller-Deham, M D , and S Milton 

Rabson, M D Price, §5 Pp 396 Baltimore Williams & Wilkins Co , 1942 

It hardly seems necessary to comment on a fact now well recognized, that 
gerontologv is becoming an ever increasingly important division of medicine The 
science of the changes, both physiologic and pathologic, that take place in the 
body of an aging person will naturally demand greater attention from members of 
the medical profession as human longevity becomes more and more extended 
To meet the needs of practitioners there will be appearing from time to time books 
dealing with geriatrics It is not entirely improbable that ultimately there may be 
as many textbooks, reference books and encyclopedias on the subject of old age 
as there are on pediatrics 

According to the preface, the authors of “Internal Medicine m Old Age” have 
for many years been interested in old patients The senior author spent some 
fifteen jears in Vienna and observed no less than 2,000 necropsies on elderly persons, 
as well as seeing these persons while alive The junior author has likewise 
studied the pathology of senility for many years The authors seem well qualified 
to prepare a book on this subject 

The first seven chapters have to do with general physiologic, hygienic and 
statistical facts of longevity Then follows a series of chapters on the changes 
induced by aging in the respiratory system, the cardiovascular system, the uro- 
genital system and the digestive system, with one chapter on blood dyscrasias, 
another on endocrine disorders, two on metabolism, three on the musculoskeletal 
system and one on infectious diseases The greatest amount of space is devoted to 
the digestive system, a few more pages than those dealing with the cardiovascular 
system There seems to be a disproportionate amount of space given to the 
digestive system in contrast to that given to the heart and blood vessels It may 
be true, however, that old persons suffer from diseases of the digestive system 
and die of diseases of the cardiovascular apparatus A disproportionately small 
amount of space is given to endocrine disorders, which are, after all, common in 
aged persons The glands of internal secretion, which make up one division of 
the human system, practically always show the effects of old age to a greater or 
lesser degree, more often the former 

The book is thought provoking, well organized and well documented In spite 
of the feeling of many physicians that not much can be done medically for old 
persons, the authors have given a considerable amount of space to the treatment 
of the various diseases they describe The material on treatment is sufficiently 
specific to satisfy a practitioner who wants to know what to do for an old person 
who has intermittent claudication, diarrhea, paroxysmal dyspnea, nephritis, hyper- 
tension and so on It might be added that the authors have not only written 
fully on what should be done but have wisely given considerable thought and 
space to vv’hat should not be done for elderly patients 

Advances in Pediatrics Edited by Adolph G De Sanctis, MD Associate 
Editors L Emmett Holt, M D , A Graeme Mitchell, M D , Robert A 
Strong, M D , and Frederick F Tisdall, M D Price, §4 50 Pp 306 New 
York Interscience Publishers, Inc, 1942 

The editors have compiled a collection of the most significant contributions to 
pediatric literature which have appeared during the past two jears Continuance 
of this volume as an annual review is proposed 

The book includes ten sections by various authors as follows Toxoplasmosis 
A Recently Recognized Disease of Human Beings, bv Albert B Sabin, Review 
of Virus Diseases, by Hoi ace L Hodes, Chemotherapy in Diseases of Infancy 
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VENTRICULAR TACHYCARDIA 

AN ANALYSIS Or THIRTY-SIX CASES 
CONGER WILLIAMS, MD 

AND 

LAURENCE B ELLIS, MD 

' BOSTON 

Paioxysmal ventnculai tachycaiclia is a laie condition Numerous 
ai tides have howevei, been published on the subject, although detailed 
case reports fiom a single hospital have not exceeded 6 In two articles 
Sti auss 1 and Lundy and McLellan 2 i epoi ted a few cases and analyzed 
the literature We here piesent and discuss 36 cases, to the best of our 
knowledge the laigest senes from one hospital 

The files of the Heart Station at the Boston City Hospital contain 
approximately 64,000 electrocardiograms taken over a period of twenty 
years Seventy cases are listed in the cross index files undei the diag- 
nosis of venti icular tachycardia Of this number we discai ded 34 because 
the diagnosis was not certain This makes the incidence of venti icular 
tachycaidia 1 in eveiy 1,800 tiacmgs, confirming the general impiession 
that the condition is lare The patients were caied for by the various 
services of the hospital, and m only a few instances were they peisonally 
examined by us 

CRITERIA TOR THE ELECTROCARDIOGRAPHIC DIAGNOSIS Or 
VENTRICULAR TACHYCARDIA 

Although sometimes venti icular tachycaidia can be suspected by 
direct clinical observation, the diagnosis can be made with assurance only 
by means of the electrocaidiogram In some cases even then the diag- 
nosis, though likely to be correct, is not beyond all doubt The essential 

Read at the meeting of the New England Heart Association, Boston, 
March 24, 1941 

From the Thorndike Memorial Laboratory, the Second and Fourth (Harvard) 
Medical Services of the Boston City Hospital and the Department of Medicine, 
Harvard Medical School 

1 Strauss, M B Paroxysmal Ventricular Tachycardia, Am J M Sc 
179 337, 1930 

2 Lundy, C L , and McLellan, L L Paroxysmal Ventricular Tachycardia 
An Etiological Study with Special Reference to the Tvpe, Ann Int Med 7 812 
1934 
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witness not only to the cooperation of investigators of many different countries 
in advancing hemodynamics but to the broadness of the author’s perspective 
The book does not concern itself with questions of pathogenesis, diagnosis or 
biometry such as might arise, for instance, m life insurance work, consequently, 
its use to a practicing physician would be limited to occasional reference, for 
instance, on the construction and use of instruments like Pachon’s oscillometer in 
cases of peripheral vascular disease But for any one planning laboratory research 
in hemodynamics or wishing to devise new sphygmograpluc apparatus, many por- 
tions of this book would be of fundamental importance 

Changes in the Knee Joint at Various Ages By Granville A Bennett 
Hans Waine and Walter Bauer Price, $2 50 Pp 97, with 31 plates New 
York The Commonwealth Fund, 1942 

This handsome volume contains the results of part of a large research piojcct 
on arthritis sponsored by the Commonwealth Fund, the Massachusetts Depait- 
ment of Public Health and the Robert W Lovett Memorial Fundation The 
original work deals with changes in the knee joint at various ages, but the volume 
really is a comprehensive treatise on “degenerative" arthritis The interesting 
point is brought out that after the second decade degenerative changes m the 
knee joint become common There are a full bibliography, beautiful plates and 
an adequate index 

Cabot and Adams — Physical Diagnosis Bv F Dennette Adams Price, $5 
Pp 888, with 398 illustrations Baltimore The Williams & Wilkins Co, 
1942 

In this thirteenth edition, under the editorship of Dr Adams, Cabot’s physical 
diagnosis carries on m able fashion It is an interesting comment on modern 
specializations that the editor has called on consultants in various fields, so that 
what was originally a decidedly one man book now becomes to some extent a 
summation of the views of a group Certainly m this process nothing of reada- 
bihtv and usefulness has been lost 

The Biological Action of the Vitamins Edited by E A Evans Jr Price, 
S3 Pp 227 Chicago University of Chicago Press, 1942 

This volume is a collection of fourteen papers on various subjects connected 
with nutrition and vitamins presented at a svmposium held during the anniversary 
celebration of the University of Chicago That the authors of the various con- 
tributions include such men as Elvehjem, Jolhffe, Gyorgv, Sebrell and Lephovvskv 
testifies to the quality of the papers 

Introduction to Parasitology By A S Pearse Pi ice S3 75 Pp 357 with 
448 illustrations Springfield, 111 Charles C Thomas, Publisher 1942 

This book written from the biologic standpoint, seems to the reviewer to fill 
a real need of the practicing phvsician Here in simple terms is a systematic 
discussion of parasites not only of man but of animals The human parasitology' 
is fitted into a sound general background The numerous illustrations are an 
outstanding feature 



WILLI AM S-ELLI S — VENTRIC ULAR TACHYCARDIA 


139 


the left arm electrode m the third intei space at the right steinal boidei 
and exposing the film with the lead switch first m “Lead I” position and 
then m “Lead III ’ position Thus, first the right aim and then the left 
leg is used as the indifferent electrode In many cases, P waves are 
well shown in one of these special leads but not in the othei 

Further evidence of the true natuie of ventricular tachycardia may be 
found in conti ol recoids taken befoie or aftei an attack, in the registra- 
tion of the beginning 01 cessation of the paroxysm or in the demonstra- 
tion of exti asystoles having the same appeal ance as the ventricular 
complexes seen m the attack 



Fig 1 — Paroxysmal \entncular tachycardia The special auricular lead 
(marked 3R) shows P waves which do not appear in the standard leads The 
auricular rate is 63, the ventricular rate, 150 

It is difficult to lay down absolute rules for diagnosis The demon- 
stration of an independent auricular rhythm is certainly sufficient If this 
cannot be shown, one should have control recoids In rare instances 
one can diagnose the condition with reasonable certainty from the bizaiie 
nature of the \entncular complexes alone, but except in such laie 
instances other evidence is needed 

A more detailed discussion of the criteria for the diagnosis of 
ventricular tachycardia will be found m other ai tides 8 

8 Lundy and McLellan 2 Robinson, G C and Herrmann G R Paroxysmal 
Tachycardia of Ventricular Origin, and Its Relation to Coronary Occlusion, 
Heart 8 59, 1921 Wolferth, C C , and McMillan, T M Paroxysmal Ven- 
tricular Tachycardia Report of One Case with Normal Mechanism and Three 
with Auricular Fibrillation Arch Int Med 31 184 (Feb) 1923 
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point is to demonsti ate an ectopic ventnculai oiigm of the ventnculai 
pacemakei, which always causes a piolonged QRS mteival Such 
venti lculai complexes may, howev er, be produced m am lculai and nodal 
tachycaidia and even auncular fluttei, 3 4 5 6 if thcie is a lempoiaiy abei ranee 
of ventriculai conduction, and can simulate ventnculai tachycaidia veiv 
closely, especially when the P waves are obscure Any supraventi lculai 
tachycaidia in the piesence of peimanent bundle branch block may 
pioduce the same picture 

In ventnculai tachycardia the auncles may be stimulated by letro- 
giade conduction to beat aftei each ventncular contraction 01 aftei 
eveiy second beat In the eaily work on the experimental pioduction 
of ventncular tachycaidia in dogs, Lewis 1 showed that such retiogiade 
conduction can take place, and instances of its occunence in man have 
been iepoited s It is probable, however, that the usual mechanism is 
foi the auncles to maintain an independent lhjthm, usually slowei than 
the ventnculai late This was demonstiated in man by Palfiey, 0 who 
in 1913 showed by polygiapluc tracings such an independence of the 
aunculai and ventnculai rhythms 

A diagnostic point of pnmaiy impoitance is theiefoie the demoli- 
sh ation of an independent aunculai rhythm, usually at a slowei late 
It may, howevei, be impossible to discern this, because the P waves aie 
obscuied by the QRS complexes oi T wa\es, because of retiograde 
aunculai conduction or because of the existence of aunculai fibrillation 

The taking of a special aunculai piccordial lead is often helpful in 
demonstrating P waves w'hen the othei leads fail to bring them out 
Although Lewus and others have used similai leads m the study of 
aunculai lhythm, no leference to then use in \entnculai tachjcaidia 
has appeared in the hteiatuie on that subject to om knowdedge Pio- 
ceduie foi the taking of the special auncular lead was wotked out in 
this department by Di I M Faulknei 7 and is followed routinely in the 
diagnosis of obscuie disoiders of ihjthm It has lepeatedly cleaied up an 
othei wise doubtful diagnosis (fig 1) The lead is taken by placing 

3 Maivin, H M, and White P D Observations on Paroxysms of Tachy- 
cardia, Arch Int Med 29 403 (April) 1922 

4 Lewis, T Expei nnental Production of Paroxysmal Tachycardia and the 
Effects of Ligation of the Coronary Arteries, Heart 1 98 1909, Mechanism of 
the Heart Beat with Especial Reference to Its Clinical Pathology, London, Shaw 
& Sons, 1911, pp 24, 168, 258 and 2 76 

5 Hart, T S Paioxysmal Tachycardia The Paroxysms Arise from 
Impulses of Ventricular Origin, the Auricle Responds to the Ventricle, Evidence 
of Two Points of Ventricular Irritability, Heart 4 129, 1912 Scott, R W 
Observations on a Case of Ventricular Tachycardia with Retrograde Conduction 
ibid 9 297, 1922 

6 Palfrey, F W Paroxysmal Tachycardia Confined to the Ventricles oi 
to the Auricles, with Illustrative Cases, M A S Rep Boston City Hosp 16 182, 
1913 

7 Faulkner, J M Unpublished data from the Heart Station, Boston Citi 
Hospital 
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demonstiatecl by the use of that technic m some of the eailier recoids 
Control lecords weie available for comparison, however, in all but 1 of 
these 7 cases 

In no case was letrogiade conduction to the auricle demonstiated 
The proof of such conduction depends on the simultaneous lecoidmg 
of pulse tracings This was not done in any of our cases 

Twelve cases (33 per cent) weie classified as intermittent ventricular 
tachycaidia Noimal strips m the same record for comparison with 
the tachycaidia made the diagnosis easier, and an independent auricular 
rhythm could be more readily identified Most of the lecords showed 
\entncular exti asystoles, and all showed abiupt onset oi cessation 



Fig 3 — Ventricular tachycardia of the intermittent type A run of ventricular 
tachycardia can be seen in each lead The auricular rhythm is undisturbed and 
is easily identified through the periods of tachycardia 

of the tachycaidia Although technically ventncular tachycardia may be 
considered to be present when two or more ventncular extrasystoles 
occur in rapid succession, we have included cases in the series only if 
the run of tachycardia persisted foi at least ten beats, in the majority 
of cases it was longei 

The incidence of auricular fibrillation as shown by conti ol records 
(39 per cent) compares with that observed by Strauss 1 m his analysis 
of a large number of cases taken fiom the literature on ventncular tachy- 
caidia It is interesting to obseive that 2 patients with the intermittent 
type of tachycardia who showed auriculai fibrillation befoie and during 











140 


ARCHIVES OF INTERNAL MEDICINE 


RESULTS 

Peisistent Veisus Intel mittent Tachycaidia — Foi the puipose of 
analysis, the cases of ventncular tachycaidia in oui series were divided 
into two types In the majority of tracings taken during an attack, all 
beats appealed to be of ventricular origin and each record presented a 
fairly uniform appeal ance (fig 2) This group was arbitrarily desig- 
nated “persistent” ventriculai tachycardia In one third of the cases, 
runs of ventricular tachycardia weie separated by periods of normal 
rhythm, the lattei often showing ventricular extrasystoles Cases show- 
ing this type of tracing were called “intei mittent” ventricular tachycardia 
(fig 3) The subdivision of -\entnculai tachycardia on this basis is of 
course puiely arbitrary, and it is quite possible that 1 case might show 
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Fig 2 — Ventncular tachycardia of the persistent type, showing slight irregu- 
larity of the ventricular rhythm The control record, taken two days later, shows 
intraventricular block (QRS 0 12 second) and slightly prolonged Q-T interval 
(quimdine effect [ ? ]) The T waves, which suggest digitalis effect, became 
normal in subsequent records 


each type of tracing if lecords weie taken at appropnate times How- 
ever, in all cases m which seveial recoids were taken during the attack, 
the rhythm was consistently of one type or the other This classification 
aids the study of the duration and piognosis of attacks and the results 
of theiapy 

Tiventy-four cases (66 pei cent) were classified as persistent 
ventnculai tachycardia It was possible to demonstrate an independent 
auricular rhythm mil patients, of the remaining 13, 6 showed auricular 
fibrillation m records taken before or after the attack, and 7 showed no P 
w aves during the attacks The special auriculai lead was not used m this 
department until 1937, and it is possible that P waves might have been 
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The exception was oui onfy patient with the alternating' bidirectional 
t}pe which is usually attubuted to the toxicity of digitalis 10 

Distm bailees m Conduction — In oui senes the incidence of disturb- 
ances in conduction was rather low (table 1) All disorders so listed 
were shown in control lecoids befoie the onset of the paroxysm except 
mtiaventricular block, in cases of which the controls weie taken aftei 
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Fig 4 (July 9, 1940) — Persistent ventricular tachycardia (rate 250) showing 
striking, regularity of oscillation 


10 (a) Palmer, R S, and White, P D Paroxysmal Ventricular Tachy- 
cardia with Rhythmic Alternation in the Direction of the Ventricular Complexes 
m the Electrocardiogram, ibid 3 454, 1927 ( b ) Marvin, H M Paroxysmal 
Ventricular Tachycardia with Alternating Complexes Due to Digitalis Intoxi- 
cation, ibid 4 21, 1928 (c) Scherf, D, and Kisch, F Ventricular Tachycardias 

with Variform Ventricular Complexes, Bull New York M Coll, Flow'er & Fifth 
Ave Hosps 2 73, 1939 
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the attack letuinecl to noimal sinus lhythm within five and fouiteen 
days lespectively after the end of the attack One patient received 
qumidine , the othei did not 

Detailed Analysis of the Electi ocai diogi ams (table 1) — In the 
majority of cases recoids taken befoie 01 aftei the attack duiing the 
same hospital admission weie available for comparison In 27 cases 
more than one lecord was taken, five oi more were taken in 10 cases 
and in 1 case thnteen weie taken 

Ventnculai lates langed fiom 110 to 250 In 32 cases the ventnculai 
late was fastei than 130, m 10 it was fastei than 170, and in 5 it w r as 
fastei than 200 The two patients with the most rapid rates, 250 and 
220 per minute, wdnch w'cre piesent on admission and persisted eight 
houis and tw'o da>s aftei admission lespectively, lecovered and weie 
dischaiged impioved 


Table 1 — Associated Electi ocai diogi apluc Abnormalities 



Aumber of 

Percentage 


Cases 

of Tot il 

Auricular fibrillation 

11 

SO 

Shifting auricular pacemaker 

2 

G 

Disturbances in conduction (in control records) 
Complete heart block 

i 

4 

Incomplete auriculo^entricular block 

i 

4 

Intraventricular block (QRS = 0 11 0 12 sec ) 

, 7 

10 

A V dissociation 

i 

4 


The duiation of QRS langed fiom 0 12 second to 0 20 second In 20 
cases it was more than 0 14 second 

Records weie examined to deteimme the legularity of the ventnculai 
rhythm, because slight irregularity to auscultation is one of the points on 
which the diagnosis of ventricular tachycardia without the aid of the 
electrocardiogram is based 0 The brief period during which a record is 
taken does not of course necessarily indicate wrhat may occur over a 
longer period In 1 case in which a continuous tiacmg w f as taken foi 
five minutes, the record was legular except for three bnef periods m 
each of which one venti lcular beat w ? as appai ently “di opped ” 

In the 24 cases of the persistent type, only 4 lecoids showed obvious 
n i egularities of the ventricular lhythm (fig 2) All but 1 showed a 
sti iking unifoimity in the appearance of the ventricular beats, indicating 
uniformity m the point of origin In 1 case there w r as a tempoiary 
irregulaiity in the appearance of the QRS complexes 

Of the 12 patients with the intermittent type, all but 1 showed 
uniform, regular QRS complexes during luns of ventnculai tachycaidia 

9 Levine, S A The Clinical Recognition of Paroxysmal Ventricular Tacln- 
cardia, Am Heart J 3 177, 1927 
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the disordeis just mentioned or angma pectons or myocardial infarction 
in the absence of any other possible cause for the disorder The usual 
ci iteria were used m classify mg the other cases as they ai e listed 11 

As might be expected fiom the age distribution, so-called degeneia- 
tive heart disease was piesent m 28, 01 7 8 per cent, of the patients Only 
4 patients had unmistakable valvulai involvement Two of these had 
rheumatic initial disease, 1 calcareous aortic stenosis and 1 syphilitic 
aortitis with aoitic insufficiency and aneurysm of the ascending aorta 
Many other patients had systolic murmuis without other evidence of 
valvular disease 

A number of cases of paroxysmal ventriculai tachycardia occuirmg 
in persons without heart disease have been repoited in the literature It 
is probable that our series does not give a true indication of the relative 
occurrence of ventnculai tachycardia in persons with and without heart 
disease Most of our lecoids weie from hospitalized patients whose 
attacks had peisisted long enough to peimit the taking of an electro- 
cardiogiam Persons without organic heart disease are likely to have 
attacks of short duration and are less likely to be studied in an attack 

Congestive Heait Failuie — The incidence of congestive failure in 
this series was high The figure given m table 2 (86 per cent) refers to 
the percentage of patients with failure at the tune of admission In 8 of 
these ventricular tachycardia was present on admission, so it is not 
known whether the failuie or the tachycaidia came first In 23 cases 
failuie preceded the attack of ventricular tachycardia In no patient 
could it be definitely shown that the attack precipitated congestive failure, 
although the failure was aggravated during the tachycardia in at least 
2 cases These facts are not surprising in new of the high percentage 
of underlying heart disease and the importance of toxicity due to digitalis 
as a precipitating factor in this type of tachycardia Five of the 9 cases 
m this group weie of the persistent type of tachycardia 

Precipitating Factors (table 3) — Toxicity due to digitalis was associ- 
ated with the attack more often than any other single factor We 
included m this group only those patients that had received at least twice 
the dose theoretically necessary for digitalization In 3 cases definite 
symptoms of toxicity were lecoided (nausea, vomiting, yellow vision) 
Four of the 8 cases in this group were of the peisistent type of tachy- 
cardia 

In the group labeled “digitalis ( ?)” dosage of the drug was somewhat 
in excess of the theoretic requirement, and no othei cause for the attack 
was apparent 

11 Nomenclature and Criteria for Diagnosis of Diseases of the Heart, ed 4 
New York, New York Heart Association, 1939 
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the paioxysm No cases of bundle branch block were encountered m this 
series Howevei, the low incidence of obseived distui bailees m conduc- 
tion is not necessarily significant, because the time between control 
recoids and those taken during the attack varied greatly Some were 
taken weeks or longei befoie or after the attack 

Relation to Age and Sex — The pi eponderance of the oldei age 
groups is striking Ninety-four per cent of the patients were over 
40 yeais of age, and 52 per cent were over 60 Three fouiths of the 
attacks occuned in men These findings agree in geneial with those 
published m othei senes, but diffei in that in our senes there is no 
patient under the age of 30 

Undeilymg Hcait Disease (table 2) — In only 1 case could it be 
definitely said that theie was no undei lying heart disease The patient 

Table 2 — Underlying Hcait Disease * 


No heart disease 



1 case 

Definite evidence of undcrljing heart disease 



35 cases 

Congestive failure 



31 cases 

Distribution of Types of Henrt Diseaso 




Cases 

Percentage 

Autopsi 

1 Arteriosclerotic 

17 

47 

3 

2 Hypertensive 

4 

13 


3 Hypertensive and arteriosclerotic 

11 

31 

4 

4 Rheumatic 

1 

3 


5 Rheumatic and hypertensive 

1 

3 


6 Syphilitic ,i 

1 

3 

1 


35 

100 

S 


* In groups 1 and 3 together, there uere 0 definite instances of acute myocardial infarction 
(4 proved by autopsj) In 2 more instances this vas a good possibility 


had a noimal caidiac history, the results of physical examination were 
normal, and a teleoroentgenogram of the heart was also normal She 
was the next to the youngest m the series (aged 37), and the pie- 
cipitatmg cause of her attacks of ventricular tachycardia was unknown 
The attacks of tachycardia were of the intermittent type and had appar- 
ently occurred for many yeais 

Another patient, the youngest, aged 34, was a woman with an 
enlaiged heart a loud apical first sound and systolic murmur and slight 
hypertension, but with no cardiac disability except palpitation and a 
sense of oppression in the chest dunng her attacks, which had occurred 
for at least two months and probably for much longer and were also of 
the intermittent type She was considered to have rheumatic and hyper- 
tensive heart disease with involvement of the mitral valve All of the 
other patients showed cardiac enlargement, disorders in rhythm 01 cleai 
evidence of cardiac failure The underlying heait disease was called 
arteriosclerotic m those patients of the propei age who showed any'' of 
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sisted at a late vaiying fiom 137 to 167 she complained only of weakness 
and palpitation Aftei the attack had commenced she was given about 
27 to 36 grains (1 75-2 33 Gm ) (exact quantity unceitain) of digitalis 
m thiee days and was then maintained on a daily dose of lj4 grains 
(0 09 Gm ) for foui weeks thereafter Quimdine was given m vaiying 
amounts, with a maximum of 40 grams (2 59 Gm ) daily for seven days 
fi om the twenty -thi l d to the thirtieth day of the attack Aftei spontaneous 
cessation of the attack hei condition was but little alteied Pneumonia 
then developed, and she died a w eek latei Pei mission foi autopsy was 
i efused 

In om senes theie was no demonstrable lelationship between moi- 
tality and heart late, width of QRS oi the type of the complexes, 
whethei they weie of the left oi the light ventriculai type 


Table 3 — Piobable Pi ccipilatmg Factois Associated with Thn ty-Sevcn Attacks 
in Thuty-Six Patients with Ventncular Tacliycai dia 


Persistent Type Intermittent Type 

, * > r- ' 


Died Died 

Lnter In Later In 

Hospital, Hospitnl, 


Precipitating Pactors of 

Died in 

Within 

Re 

Died in 

Within 

Re 

Total 

\ entrlcular Tachycardia 

Vttack 

1 Month 

coveicd 

Attack 

1 Month 

covered 

Utacks 

Digitalis 

1 

3 

0 

0 

2 

2 

8 

Digitalis and qulnidint 

0 

0 

1 

0 

0 

0 

1 

Digitalis (?) 

2 

1 

1 

1 

1 

3 

9 

Myocardial infarction 

3 

o* 

0 

0 

1 

0 

0 

Myocardial infarction (?) 

0 

0 

S 

0 

0 

0 

3 

Miscellaneous 

1 

1 

3 

0 

0 

2 

•> 

Unknown 

0 

2 

1 

0 

0 

o 

5 

Total 

7 

9 

9 

1 

4 

7 

37 


* One oi these patients died of a fresh mjocardlal infnrction two months after the 
attack stopped 


What does influence the piognosis is the natuie and degice of undei- 
lying heait disease This is brought out most cleaily m an examination 
of the mortality figuies m the cases m which the piecipitating factois 
weie digitalis and myocaidial infarction respectively All 6 of the 
patients with definite myocaidial infaiction died, 3 of them in the attack, 
although the 3 m whom cardiac infaiction was doubtfully piesent 
lecovered Six of the "8 who had had marked ovei dosage with digitalis 
also succumbed, though only 1 died m the attack Five of the 9 to whom 
a model ate overdosage of the diug had been given also died All of these 
patients had seveie heart disease In conti ast, the patient with no heait 
disease is alive and well except foi hei attacks, as is the patient with 
piobable mitral stenosis, who has had intei mitlent attacks foi two months 
or longer, and 3 of the 5 in whom attacks occuned m association with 
noncaidiac acute episodes are also living, the othei 2 having died of 
uiemia and cerebral hemoirhage respectively 
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One patient who had had excessn e doses of digitalis had also received 
quinidine sulfate in large amounts (60 to 100 giams [3 88-6 48 Gm ] 
daily foi foui days) before the onset of the attack In his case either 
drug oi both m combination mu\ have been a factoi in precipitating 
the attack 

Acute myocaidial infarction was piesent at the time of the attack in 
6 cases, in 4 infarction was proved by autopsy and in the othei 2 it 
was clinically evident and suppoited by classic changes in the electro- 
caidiogiam Although the statement has been made that when ventric- 
ulai tachycaidia occuis in association with myocaidial infaiction it 
usually follows the admmistiation of digitalis, only 2 of oui 6 patients 
with myocaidial infarction had leceived digitalis before the onset of 
ventricular tachycaidia, and these had not had an excessive dose 

The gioup labeled “myocardial infaiction ( ? )” piesented suggestive 
but not conclusive evidence in the absence of othei known cause 

Only 1 patient in oui series had two distinct pioved prolonged attacks 
ot lentnculai tachycaidia These were sepaiated by a time interval of 
eight months The patient died dui mg the second attack, and autopsy 
levealed lecent and healed myocardial infarctions However, only the 
second attack was considered to have definite relationship to an acute 
infarction, because the time relationship of the first was somewhat 
uncertain In the majority of cases the tachycardia followed infarction 
within a few days 

The “miscellaneous” gioup included 5 patients in whom an acute 
episode boie a close time relationship to the onset of the attack The 
associated acute episodes -weie an injury leceived in an automobile 
accident followed by a fight, a cerebial vascular accident, uiemia 
cholelithiasis and an embolus to the femoral arteiy No attempt will 
be made to evaluate this association 

Outcome of Attacks and Moitality (table 3) — Theie weie 21 deaths 
duiing or aftei the attack of ventriculai tachycaidia (67 pei cent) but 
only 8 patients died m the attack itself 

Although the duration of attacks duiing hospitalization (5 attacks 
were present on admission) of these S patients varied from foui horns 
to five days, it was impossible to prove that the length of the attacks 
affected the mortality The patients w'ho recovei ed f i om the attacks and 
w 7 eie discharged improved had in many instances attacks of equal oi 
longei duration, although, with an exception to be noted, no attack lasted 
longei than nine days after admission 

One patient deserves special mention, since her attack lasted foi six 
weeks She was a woman aged 74 with sevei e degenei ative heait 
disease The attack developed without known precipitating cause seven 
w eeks after an exploi atory lapai otomv, and dui mg the six weeks it per- 
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the thirteenth day of the attack respective!} In the first the ventricular 
late increased 9 beats per minute, and in the second it deci eased 12 beats 
m the time intci vals mentioned After quinidme is as given, the lhsthm 
in the first patient returned to normal, and in the second the ventricular 
late slosved 22 beats pei minute m four days’ time 

COMMENT 

It is general!} agreed that toxicity due to digitalis and myocardial 
infarction are precipitating factors of ventriculai tachycardia and that 
myocardial disease is present m most cases Foimerly hyperirntabilit} 
of the myocaidium induced by any of these factors svas emphasized as 
the provoking cause This ss as thought to create a center of excitation 
m one or several places m the ventucle Circus movement of the excit- 
ing impulse in the \entnclc fas been suggested as the cause of ventiicular 
tach}cardia of the alternating bidirectional type 12 Davis and Spiague 13 
in reporting a case fiom this hospital 14 suggested that ventricular fibril- 
lation, and possibly ventricular tachycardia, might be the result of a 
circus movement m the ventucles Occasional records seem to support 
this thesis One of our tracings shows a perfectly regular wavelike 
oscillation of the ventricular impulse at a rate of 250 per minute (fig 4), 
but the rapid rate may account for the wavelike oscillation It is also ot 
interest that m this case intraventricular block was shown m subsequent 
control records Davis and Sprague expressed the opinion that the con- 
duction system of the ventricle normally tends to prevent circus mo\e- 
ment because of its ability to conduct impulses rapidly to all paits, and 
that factors which depress the His-Purkmje s}stem remove this inhibit- 
ing influence Davis 15 discussed the relation of digitalis toxicity, bundle 
tissue disease (bundle branch block) and myocardial infarction to ven- 
tricular tachycardia He expressed the opinion that the depressing effect 
of digitalis on auriculoventricular conduction time preceding ventriculai 
tachycardia, 16 as well as the possible temporary disturbance m the con- 
duction system m myocardial infarction, might be related to the arrhvth- 
mia Herrmann and Ashman 1T expressed somewhat similar ideas with 

12 Palmer and White 10,1 Marvin 10b 

13 Davis, D , and Sprague, H B Ventricular Fibrillation Its Relation to 
Heart Block, Am Heart J 4 559, 1928 

14 This case is not included in our series 

15 Daws, D Ventricular Tachycardia An Interpretation of the Nature of 
Its Mechanism, Am Heart J 7 725, 1932 

16 Luten, D Clinical Studies of Digitalis, Arch Int Med 35 74 (Jan ) 1925 

17 Herrmann, G R , and Ashman, R Partial Bundle Branch Block A 
Theoretical Consideration of Transient Normal Intraventricular Conduction in the 
Presence of Apparently Complete Bundle Branch Block, Am Heart J 6 375 1931 
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In geneial the intei miltent type of tachycardia earned a somewhat 
less senous prognosis than the persistent type, since 7 of the patients 
with the fonner type suivived, in conti ast to but 9 of 24 of those with 
the latter Moreovei, in instances in which overdosage with digitalis ma\ 
have been a factoi, 9 patients had the persistent type and 7 died, and 9 
had the intei mittent type and only 4 died 

Quinidme Theiapy — The lesults of quinidme theiapy are veiy diffi- 
cult to evaluate because the patients were not unifoimly tieated or 
studied with especial caie, because the dosage of quinidme was lather 
low and because of the possibility of spontaneous cessation of the attack 
Foi these reasons it seemed unpiofitable to analyze in detail the results 
of quinidme therapy in out senes Of the 24 patients with peisistent 
tachycaidia (25 attacks), 15 received quinidme but to only 12 of the lattei 
(13 attacks) was it given in significant amounts (average of 15 grains 
[0 97 Gm ] to 70 giams [4 53 Gm ] daily, with a mean of 24 grams [1 55 
Gm of quinidme sulfate]) The duiation of attacks after the initiation 
of quinidme theiapy ranged fiom eight houis to foui weeks and appealed 
to be full} as long as oi longei than that of the unti eated attacks Seven 
of the 12 patients (13 attacks) receiving quinidme lecoveied, 3 died in 
the attack and 3 in the hospital subsequent to the attack Two of the 11 
patients leceiving little or no quinidme recovered, 4 died in the attack 
and 5 after its cessation Too many factors weie involved to permit the 
drawing of any conclusions as to the efficacy of quinidme in this senes 

Only 2 ot the patients with the intei mittent t)pe of tachycardia were 
given quinidme in more than minimal doses One died in the attack 
the attack of the othei stopped in twenty-foui houis and recover} 
occurred 

One patient m whom ventricular tachycaidia developed foui days 
after a cerebral accident was given an unspecified amount of a 3 per cent 
solution of a quinine salt intiavenously, and the attack ceased two 
hours after the injection was stopped The patient died of the effects of 
the cerebral episode a day later 

It has been obseived that quinidme often pioduces a slowing of the 
ventricular late during the paroxysm of tachycardia This phenomenon 
was studied by observation of the ventricular rate m the electi ocardio- 
gram Of the 14 patients whose attacks were tieated with quinidme, 4 
had only one l ecord taken dui mg the paroxysm and 3 showed no slowing 
of the ventricular rate In the other 7 definite slowing was observed, 
the minimum being 9 beats per minute, the maximum 112 beats and the 
mean 24 It would have been interesting to compare these findings with 
those of a similar group of untreated patients, but only one electrocai dio- 
giam was taken during the attack for each untreated patient Howevei, 
there were 2 patients who did not receive quinidme until the sixth and 
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instances In no case was theie a history of typical anginal attacks 
between paioxysms of tachycardia White 22 commented on the ranty 
of angina of effoit m patients who have pam during a paioxysm of tachy- 
cardia but stated “Finally, angina pectoris is induced m laie cases as 
a status angmosus by pai oxysmal auricular fibrillation, paroxysmal auric- 
ulai fluttei, or tachycardia m patients who have aheady shown angina 
pectoris on effoit ” 

It may be difficult or impossible to exclude myocaidial mfaiction as 
a cause of pain during a paioxysm of ventricular tachycardia Two of 
the patients in out series who complained of seveie substemal pam during 
the paroxysm of tachycardia showed no clinical or laboratory evidence 
of myocardial mfaiction befoie or aftei, and there was no histoiy of 
angina, although both showed caidiac cnlaigement and weie diagnosed 
as aiteuosclerotic heait disease One of the patients m our series gave 
a definite history of angina pectoris, but did not complain of pam dui mg 
the attack Seveial patients were conscious of rapid cardiac action, 
which they described as palpitation 01 fluttering of the heait 

As has already been stated, in none of our cases have we proof that 
the onset of the tachycardia piecipitated congestive heait failure, although 
m 2 a previously existent failuie was aggravated It is, however, well 
known that tachycardia of any type may pi oduce congestive heai t failure 
in a pei son with organic heart disease 

Chmcal Diagnosis — Any tachycardia, especially if it is paroxysmal, 
may be of ventnculai origin, but it rarely is If the patient has degen- 
erative heart disease, and paiticularly if theie is a myocardial infarction 
or a large oveidose of digitalis, the likelihood of its existence is increased 
As Levine 9 pointed out, one can on occasion make a presumptive diag- 
nosis by dnect examination if (1) the rhythm is rapid and essentially 
regular but slight liregulanties can be detected, (2) the quality of the 
first heait sound vanes in intensity m some of the cycles, oi (3) attempts 
at “vagal” (caiotid sinus) oi ocular piessuie prove ineffective in slowing 
the heart None of these critena is, however, constantly present oi 
helpful Many persons with ventricular tachycardia show no n regularity 
whatsoever Variation in the first heait sound is a useful sign but 
depends on a vaiymg lelationship between auncular and ventricular 
contraction and hence is most helpful m cases with an independent aunc- 
ular rhythm It is not likely to occur when the auricles aie fibrillating 
oi if there is retrograde, venti lculoauricular conduction Finally 
although it is geneially stated that venti lcular tachycardia does not 
respond to vagal stimulation, often there is no such response m cases 

22 White, P D , and Camp, P D The Status Angmosus Induced by 
Paroxysmal Auncular Fibrillation and Paroxysmal Tachycardia, Am Heart J 
7 581, 1931 
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legal d to bundle bianch block Millei 18 has lecentl) piesented a 
good summary of the state of opinion on this question and has lepoited 
a case of ventnrular tachycaidia with myocardial infarction involving 
the intei ventricular septum Transient bundle branch block was observed 
between paroxysms Two cases with autopsies have been lecently 
lepoited m which the auhythmia followed a lesion of the septum due to 
syphilis 10 

Thus the lelationship of distui bailees of conduction and ventriculai 
tachycardia has been suggested, but the impoitance of such defects of 
conduction m relation to othei factors has not been shown, noi has the 
question of coincidence been eliminated 

Symptoms Associated with Venti ictilat Tachycaidia — Tachycardia 
per se may give rise to symptoms due to cuculatoi) insufficiency The 
site of these symptoms depends in the mam on the lelative degree of 
undei lying aitenal disease in vanous paits of the body Cerebial mani- 
iestations (veitigo, fainting, temporary blindness, epileptiform seizures) 
have been i eported by Barnes 20 and are presumably the i esult of 
cerebral anoxia Only 1 of oui patients is known to have had ceiebial 
symptoms i elated to tachycardia He lost consciousness at the onset 
of his attack 

The varying degiees of geneial circulator) collapse (shock) which 
occur with tachycardia are due primarily to the difficulty in maintaining 
an adequate caidiac output in the presence of the lapid rate and short 
diastolic pause It has not pioved practicable to analyze our cases with 
lespect to the occuirence and degiee of shock, although in seveial it 
was profound 

Patients may complain of pam or discomfort in the chest dui mg an 
attack, although this is not a common symptom Barnes and Willius 21 
repot t 19 instances of precordial oi substemal pam occurring m 380 
cases of paioxysmal tachycardia of all types The pain was described 
as aching or lancinating, and m some cases there was a sensation of 
constriction or oppression Radiation to the aims occuiied m a few 

18 Miller, H Transitions Between Normal Intraventricular Conduction, 
Bundle Branch Block and Ventricular Tachycardia Report of a Case, Am 
Heart J 19 364, 1940 

19 Cossio, P , Vivoli, D, and Caul, H Sjphilis of the Inten entnculai 
Septum and Ventricular Tachycardia, Am J M Sc 194 369, 1937 Coellio, E , 
and de Oliveira, A Syphilis of the Intra\entriculai Septum and Ventricular 
Tachvcardia Syphilis of the Pulmonary Artery, Arch d mal du cceur 32 17, 
1939 

20 Barnes, A R Cerebral Manifestations of Paroxysmal Tachycardia, Am 
J M Sc 171 489, 1926 

21 Barnes, A R , and Willius, F A Cardiac Pam m Paroxysmal Tachy- 
cardia, Am Heart J 2 490, 1926 
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been taken on patients with ventricular tachycardia at the moment of 
death However, these have shown that eithei ventricular fdbi illation 20 ' 
01 ventricular standstill 27 may be the terminal event 

Theiapy — As has been stated, simple measuies such as piessuie on 
the eyeball and pressuie on the carotid sinus, which are often effective in 
auncular tachycardia, are rarely of benefit in the treatment of lentnc- 
ular tachycardia Digitalis is best omitted if it has been used before 
the attack Moieovei, because we believe that digitalis was a causal 
factor m some of our cases, we aie doubtful of the wisdom of using it in 
the treatment of an attack even when no digitalis has been taken Qumi- 
dme has been and still is widely used because of its depressant effect on 
ventricular conductivity The use of quinine dihydiochlonde mtramus- 
culaily has lecently been repoited 23 Potassium chloride and magnesium 
sulfate have been used, but a definite evaluation of then woith is not yet 
possible Both of these diugs have been tried m this hospital, with 
equivocal lesults with the foimer and negative lesults with the latter 
drug 

It is not possible to formulate a ngid set of rules governing dosage 
of qumidme, and the choice between the oial and the mtiavenous loute 
is still a matter of opinion The usual oial dose of 3 grains (0 19 Gm ) 
of qumidme sulfate as a test for sensitivity is advisable m eveiy case 
If the drug is to be given by mouth, it is best to plan a regimen of repeated 
doses at intervals of two oi thiee hours, in view of the fact that its dura- 
tion of action is buef and the situation is uigent It is then possible to 
adjust the dosage to the response of the patient Thus if 6 giains (0 39 
Gm ) is given every two hours the total amount given at the end of 
twelve hours will be 36 giams (2 33 Gm ) If the tachycardia still pei- 
sists the dosage can be increased, provided that no signs of toxicity have 
been observed Levme and Stevens 29 stressed the necessity foi adequate 
dosage and cited the case of a patient with ventnculai tachycai dia follow- 
ing myocardial infarction which pioved refractory to treatment until the 
daily dosage reached 112 grams (7 24 Gm ) Daily doses up to 90 

26 Thompson, I Ventricular Fibrillation Causing Sudden Death of a Patient 
with Disease of the Left Coronary Artery, JAMA 116 2583 (June 7) 1941 

27 Miller 18 Gneco, E H , and Schwartz, S Observations on the Mecha- 
nism of the Dying Heart in a Patient with Ventricular Tachycardia, Am Heart J 
16 595, 1938 

28 Riseman, J E F , and Linenthal, H Paroxysmal Ventricular Tachy- 
cardia Its Favorable Prognosis in the Absence of Acute Cardiac Damage and 
Its Treatment with Parenterally Administered Quinine Dihydrochlonde, Am 
Heart J 22 219, 1941 

29 Levine, S A , and Stevens, W B The Therapeutic Value of Qumidme 
in Coronary Thrombosis Complicated by Ventricular Tachycai dia, Am Heart J 
3 253, 1927 
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eithei of aunculai tachycaidia 01 of fluttei , so this is by no means a 
cleai cut diffeiential point Moieovei, it is not impossible that on occa- 
sion such vagal stimulation may be effective in ventncular tachycardia 
Although tagal stimulation did not stop the attacks in any case m the 
piesent senes, we have lecently obseived 2 patients in whom the parox- 
ysms were stopped by piessure on the caiotid smus (in 1 patient on two 
occasions) The cases of these patients fulfil most of the electiocardio- 
graphic criteria for paioxysmal ventncular tachycaidia, since in both the 
ventriculai complexes differed maikedly from the QRS complexes in 
control lecoids Since auricular fibrillation was piesent in each case, 
an independent aunculai rhythm could not be demonstiated Because 
unfortunately the moment of onset or cessation of the attack was not 
lecoided electrocardiographically, and because paroxysmal aunculai 
flutter or even some othei type of ectopic rhythm with aberrant t entric- 
ular lesponse could not be unequivocally excluded, these cases have not 
been included m this senes 

Piognows — It is difficult to estimate the impoitance of ventncular 
tachycaidia m i elation to moitality in most cases because of the severity 
of the undei lying heai t disease Theoi etically, rapid heai t rate sustained 
tor any length of time hastens myocardial exhaustion This leads to 
inci eased ventncular lrntability and raises the chances of ventriculai 
fibi illation 

Various authors 23 have repoi ted that the minute volume output of 
the heart during paroxysmal tachycardia is i educed by one tenth to two 
thuds of the noimal output One study of the blood gases during paiox- 
ysmal auncular tachycaidia 24 showed a decrease in the degiee of aitenal 
oxygen satui ation, a low oxygen saturation of venous blood and an 
increased coefficient of utilization 

Fall m blood pressuie which sometimes accompanies paioxysmal 
tachycaidia may also hmdei the cn dilation Tachycaidia of ail) land 
may precipitate or mciease the seventy of cardiac failuie 25 This was 
seen in at least 2 of oui cases The cei ebral symptoms we desci ibed ai e 
probably related to decreased caidiac output and cerebral blood flow It 
v ould seem at least possible, therefoi e, that m the pi esence of extensive 
heart disease prolonged tachycardia might be fatal Few recoids have 

23 Barcroft, J , Bock, A V , and Roughton, F J Observations on the 
Circulation and Respiration in a Case of Paroxysmal Tachycardia, Heart 9 7, 
1921 Schone, G The Magnitude of the Circulation in Paroxysmal Tachy- 
cardia, Klin Wchnschr 16 804, 1937 

24 Carter, E P , and Stewart, H J Studies on the Blood Gases m a Case 
of Paroxysmal Tachycardia, Arch Int Med 31 390 (March) 1923 

25 Boyer, N H , Leach, C E , and White, P D Underlying Causes and 
Precipitating Factors of Congestive Heart Failure, in Blood, Heart and Circu- 
lation Symposium, Publication 13, American Association for the Advancement 
of Science, 1940 
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available foi mtiamusculai use, quinine dihydrochloi ide may be used 
in dosages up to 7 Yz giams (0 5 Gm ), lepeated if necessary at houily 
mtei vals 

I-Ceu 32 stated that he seldom used qumidme in any foim m 
ventnculai tachycaidia He expressed the opinion that it is especially 
contraindicated m the piesence of myocaidial mfaiction, since “the con- 
duction mechanism may be damaged and qumidme may fuithei depress 
its activity, leading to ventricular fibrillation ” Davis and Spiague 13 for 
the same leason suggested (in the treatment of any disoidei) that 
qumidme be used with care in combination with digitalis m the 
piesence of combined aui lculoventi lcular and mtraventriculai block 
It is piobable that qumidme may itself occasionally precipitate ventucular 
tachjcaidia or fibi illation , theoietically, the chances of its doing so are 
increased when it is used m combination with digitalis oi m the piesence 
of disturbances of conduction In 2 of the cases leported by Hepbuin 
and Rykert, 31 ventricular tachycardia followed the treatment of aui lculai 
fibrillation by the oral administration of qumidme sulfate This occuued 
m 1 of our cases, but the patient had received a large overdose of digitalis 
as well Schwaitz and Jezer 33 lepoited the precipitation of attacks of 
tiansitory ventricular fibi illation by both qumidme and quinine m 2 
patients m whom the attacks also occuired spontaneously 

The theoietic objections on the ground that qumidme pioduces 
conduction disturbances and thus may prolong the attack or induce 
ventnculai fibrillation are outweighed by the many repoits attesting to 
its usefulness Full appraisal of its value will necessanly be slow 
Pioved fatalities directly traceable to qumidme have been feu, but that 
should not dimmish care in the use of the drug Repeated electio- 
caidiograms are advisable, especially with intravenous injection, and if 
the latter method is used it is well to have frequent checks on the blood 
piessuie 30 It has pioved impossible to draw definite conclusions fiom 
oui senes as to the value of qumidme therapy, and in geneial it is 
difficult to prove the usefulness of this drug by statistical evidence In 
certain individual cases the value of qumidme or similar substances 
seems unquestioned Even if the drug does not abolish the attack, a 
slowing of the ventricular late often occurs and pioduces impiovement 
m the circulation 

SUMMARY AND CONCLUSIONS 

1 An analysis is reported of 36 cases of paroxysmal ventricular 
tachycaidia In 24 the electi ocardiograms showed the attack to be 
unmtei i upted, and m 12 the attacks occuried m short runs of tachjcaidia 

32 Kerr, W J Use of Quimdine in Cardiac Irregularities, m Stroud, W D 
Diagnosis and Tieatment of Cardiovascular Disease, Philadelphia, F A Davis 
Company, 1940 

33 Schwaitz, S P, and Jezer, A The Action of Quinine and Qumidme on 
Patients with Transient Ventricular Fibrillation, Am Heart J 9 792, 1934 
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grains (5 82 Gm ) hate been given lepeatedl) without untoward result 
The necessity for early tei initiation of the attack, especially in patients 
with extensive undei lying heait disease, is obvious, hut it must be 
1 einembered that the toxic effects of quimdine, such as severe vomiting 
and conduction distuibances, can he dangerous 

Veiy favorable lesults following intiavenous admimstiation of the 
chug have been lepoited but the dangei of se\ere toxic leactions (vomit- 
ing, intraventricular block and standstill with unconsciousness and con- 
vulsions) is much gieatei Strong and Mumoe 30 repoited success with 
intiavenous administration of quimdine sulfate to a patient whose condi- 
tion had been refractory to oial tieatment The attack was stopped onh 
aftei continuous intiavenous admimstiation of 40 grains (2 59 Gm ) of 
quimdine sulfate m a 20 pei cent solution, but the patient became uncon- 
scious and had an epileptiform convulsion at that point Hepburn and 
Rykeit ol reported encoui aging lesults with the intiatenous method In 
a senes of 9 cases, m which 7 patients had had lecent myocardial mfaic- 
tion, the attacks stopped in all, and 6 patients were alive for periods up to 
foui years Only 1 had a severe xeaction while receiving quimdine 
The lesults weie much bettei than those obtained by the same authois 
in another group of 17 patients who did not receive quimdine mtia- 
venously, only 3 of whom lived longei than fifteen days The analysis 
is not given in sufficient detail, howevei, to peinut a definite conclusion 
Hepburn and Rykert prepared a 12 pei cent solution foi intiavenous use 
by dissolving 60 grains (3 88 Gm ) of quimdine sulfate in 500 cc ot 
steule physiologic solution of sodium chloride or 5 per cent dextiose 
solution The solution was then filtered and warmed and given at the 
late of 100 to 120 cc , containing 12 to 14 grains (0 8 to 0 9 Gm ) of the 
diug pei hour The average total dose was less than 20 giains 
(13 Gm) 

Quimdine was not administered intravenously to any of oui patients, 
although quinine hydiochlonde was so used in 1 instance with possible 
success The diffeience between this drug and quimdine is thought to 
be mostly quantitative, the latter being about twice as strong as quinine 
hydrochloride 

Patients in whom quimdine given orally is ineffective oi cannot be 
absorbed because of vomiting, and to whom it is consideied inadvisable 
to administer the drug intravenously, may be treated by the mtia- 
muscular route Since there is no preparation of quimdine at present 

30 Strong, G F, and Munroe, D S Paroxysmal Ventriculai Tachycardia, 
with Report of an Unusual Case, Am Heart T 19 486, 1940 

31 Hepburn, J, and Rykert, H E The Use of Quimdine Sulfate Intia- 
venouslv m Ventricular Tachycardia, Am Heart T 14 620, 1937 



STUDIES ON THE CLINICAL SIGNIFICANCE OF 
THE SERUM PROTEINS 

II THE RELATIONSHIP BETWEEN THE ALBUMIN-GLOBULIN RATIO, 
ALBUMIN, GLOBULIN AND TOTAL PROTEIN 

BENJAMIN M ICAGAN, MD 

RICHMOND, VA 

Denis 1 m 1856 uas probably the first to lepoit an investigation of 
the action of vai ious salts on the sepai ation of serum albumin from sei um 
globulin Hammeistem 2 in 1878 leported the utilization of the pre- 
cipitating effect of salt foi the quantitative estimation of the albumin and 
the globulin m horse and human seium In 1882 Burckhardt 3 found 
that m starving dogs the albumin concenti ation of the seium fell while 
the globulin concentiation remained stationary In 1912 Epstein 4 
lepoited that in 12 patients with “nepluosis” the only constant deviation 
from normal in the seium piotem was the lowering of albumin The 
absolute globulin level remained essentially constant He expressed 
his findings as an albumin-globulin latio (“A/G ratio”), and since his 
repoit this lelative method of expiession has become deeply rooted m 
medical hteratuie It should be noted, however, that when the albumin- 
globulin ratio is thus leversed, repoitmg this ratio alone, without 
leference to the total piotem, often (as here) gives one the false 
impression of a change in the concentration of globulin 

Moore and Van Slyke c and otheis have shown that m certain 
conditions the albumin concentiation of serum is lowered while the 
globulin concentration lemains at a normal level and that therefore the 
total serum protein value falls in proportion to the drop in albumin 
concentration On the othei hand, Jeghers and Selesnick G found that 

From the Johns Hopkins Hospital, Baltimore 

1 Denis, P S Memoire sur le sang, Paris, J B Bailliere & fils, 1859 , 
Nouvelles etudes chimiques, Paris, J B Bailliere, 1856 

2 Hammerstein, O Ueber das Paraglobuhn, Arch f d ges Phvsiol 17 413- 
468, 1878 

3 Burckhardt, A E Beitrage zur Chemie und Physiologie des Blutserums, 
Arch f exper Path u Pharmakol 16 322-343, 1882-1883 

4 Epstein, A A A Contribution to the Study of the Chemistry of Blood 
Serum, J Exper Med 16 619-731, 1912 

5 Moore, N S, and Van Slyke, D D The Relationship Between Plasma 
Specific Gravity, Plasma Protein Content, and Edema m Nephritis, J Clin Investi- 
gation 8 337-355, 1930 

6 Jeghers, H, and Selesnick, S Hi perproteinenua Its Significance, Inter- 
nat Clin 3 249-280, 1937 
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interposed between penods of noimal supraventricular conduction 
These two types have been arbitiarily designated as “persistent” and 
“intermittent” tachycardia 

2 In all but 1 case oigamc heart disease was piesent, in 28 cases 
being of the degeneiative type 

3 Digitalis intoxication was clearly associated with the attack m 
8 instances and was the probable precipitating factoi in 9 moie One 
patient had leceived large doses of both digitalis and quinidme prior to 
the onset of the attack Attacks occuri ed in association with myocai dial 
infaiction 6 times, and in 3 instances myocardial infarction was probablv 
present 

4 Twenty-one patients died in the hospital, 8 m the attack and 12 
(all but 1 of the remainder) within a month of its cessation 

5 The occurrence and piognosis of the attacks have also been 
analyzed m respect to associated electrocaidiograplnc abnormalities and 
such factoi s as age, heart rate and width of QRS The prognosis of 
parox}smal ventricular tachycardia is serious, but it is essentially the 
piognosis of the underlying heart disease present In oui series the 
piognosis of the “intermittent” type was somewhat better than that of 
the “persistent” type 

6 The physiologic mechanism involved, the clinical symptomatology, 
the criteria for the clinical and electrocardiographic diagnosis and the 
therapy of the attacks with particular reference to quinidme are 
discussed 
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those with advanced cmhosis 3 Persistent mci eases m the total 
piotem concenti ation above normal have, on the other hand, almost 
mvai lably been due to an mci ease m globulin concenti ation 4 Inci ease 
m seium albumin content above noimal has nevei pieviously been 
lepoited and seems not to occui except bnefly in the eaily penod of 
dehy di ation 

In lecent yeais the maiked chemical, physiologic and immunologic 
difteiences between albumin and globulin have become more cleai The 
globulin molecule is about two and a half times as large as the albumin 
The osmotic influence of the albumin fi action is about four tunes that 
of the globulin fi action, and it is of gieatei impoitance m the maintenance 
of blood "volume and fluid balance in the body On the othei hand 
the immune bodies of the blood are pnncipall} m the globulin fi ac- 
tion The albumin fi action is leadily affected by the dietaiy intake 
of piotem, but not the globulin Globulin is much moie quickly legen- 
eiated following hemouhage than is albumin It is likely, though not yet 
pioved, that serum albumin is fonned in the liver by synthesis fiom 
ammo acids Less is known of the origin of globulin, but it has been 
suggested recently by Bmg and Plum 10 that the plasma cells of bone 
mariow and cells belonging to the reticuloendothelial system in and 
outside the mairow aie of importance 

Man) mi estigations have suggested that serum albumin and seium 
globulin must be considered sepaiately in an evaluation of their clinical 
significance and that the albumin-globulin latio alone is unsatisfactoiy 
Foi example m both nephiosis and venereal lymphogianuloma the 
albumin-globulin ratio is leversed, howevei, in the foimer this is due to 
a lowering of the serum albumin, and in the latter it is due to an increase 
in seium globulin 

We aie therefoie faced with two problems 1 Is it sufficient to give 
only the figure foi the total protein , and if so, m which cases should this 
be done p 2 In those cases in which the figure foi total protein alone 
is not sufficient, is it advisable to give the albumin-globulm ratio oi 
would it be clearei and would the deteimmations be moie valuable if 
the absolute values of the albumin and globulin fractions wei e presented 0 

ANALYSIS or D \TA 

The data lepiesent such a variety of cases as would oidmaidy be 
seen m a laige, busy hospital over a two year period For pui poses of 
study, they fall natuially into two mam divisions The fiist division 
consists of cases m which the concenti ation of the total serum piotem 
was normal or below normal (7 5 Gm per hundred cubic centimeteis 

10 Bing, J , and Plum, P Serum Proteins in Leucopema, Acta med Scandmav 
92 415-428, 1937 
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an mciease in total seium piotein above normal was invariably due to 
an mciease m serum globulin 

The present investigation w^as undertaken in oidei to clanfy further 
the clinical significance of the 1 elation between these tw r o components of 
serum protein and to establish a more definite evaluation of the total 
serum protein It is pioposed also to deteimme the types of cases m 
which an accuiate detei initiation of serum albumin and seium globulin 
is mfoi mative and those in which it is not It is hoped thus to eliminate 
wheiever possible the labonous and difficult task of making accurate 
detei nnnations of albumin and globulin and to show that in those cases 
m which such detei nnnations aie necessaiy the absolute \ allies of albumin 
and globulin are essential and the albumin-globulin latio alone mislead- 
ing In all other instances the detei mmation of the total piotein by 
a simple technic, such as the falling diop method, 7 suffices for clinical 
pui poses 

MATERIAL \ND METHOD 

This report is based on 539 determinations of albumin and globulin on specimens 
of serum obtained from 345 patients in the Johns Hopkins Hospital o\er the period 
from November 1935 to September 1937 The data co\er a great \anety of 
diseases 

The method used was a macro-Kjeldahl modification of the Howe® procedure 
The precipitation was done with sodium sulfate by the Howe technic, and the 
titrations w'ere done with the methjl red-metln lene blue indicator described bv 
Johnson and Green 9 Nonprotem nitrogen w'as determined b\ the micro-Kjeldahl 
method 

QUESTIONS RAISED BY THIS STLDY AND A REVIEW Or THE LITER YTURL 

A study of the material just mentioned as w'ell as of the peitinent 
literature levealed the following intei esting facts 1 Deci eases in 
total piotem concentration belcnv noimal hate been due almost invaiiably 
to deci eases m albumin concentiation 2 Globulin concentration below 
the accepted normal level has been noted only in piematuie infants, m 
patients in the early penod of seveie hemonhage and occasionally m 

7 Kagan, B M A Simple Method for the Estimation of Total Protein 
Content of Plasma and Serum I A Falling Drop Method foi the Determination 
of Specific Gravity, J Clin Investigation 17 369-372, 1938, II The Estimation of 
Total Protein Content of Human Plasma and Serum b\ the Use of the Falling Drop 
Method, ibid 17 372-376, 1938 , Studies on the Clinical Significance of the Serum 
Proteins I The Protein Content of Normal Human Venous and Capillary Serum 
and Factors Affecting the Accuracy of Its Determination, J Lab & Clm Med 
27 1457-1463, 1942 

8 Howe, P E Use of Sodium Sulfate as Globulin Precipitant in Determina- 
tion of Protein of Blood, J Biol Chem 49 93-107, 1921 , The Determination of 
Protein in Blood A Micromethod, ibid 49 109-113, 1921 

9 Johnson, A PI , and Green, J R Modified Methvl Red and Sodium 
Alizarin Sulfonate Indicators, Indust & Engin Chem 2 2 1930 
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The coi relation equation for the data of this group is A = 0 42 X 
(IP -f- 0 34) The coefficient of coi relation is 0 4319, and the standaul 
ei l oi oi estimate is ± 0 7 Gm per hundred cubic centimeters, or 24 
pei cent 

The accompanying table gives an analysis of these data Briefly, 
42 per cent of the cases m this group weie instances of hepatic involve- 
ment, 29 per cent, acute glomeiular nephritis with its usual associated 
infections , 26 pei cent, two conditions occurring simultaneously, the one 
affecting albumin and the other globulin In 3 per cent, not included 
in the table, theie was seveie acute hemorihage, and m this small gioup 
albumin was lowered and globulin also was slightly below noimal 
dui mg the eaily penod of the hemoirhage In this type of case the con- 

Condittons Causing Hvpci globuhncmia and Hypoalbumincmw Simultaneously 


Hepatic diseases 
A Cirrhosis 

(c) Pninarj 

Cb) Secondm to heart failiue 
B Carcinoma 

(a) Primary 

(b) Metastatic 
Acute glomerular nephritis 

Combination of two diseases, the one causing an increase of globulin and the othet 
decrease of albumin, as for example 
A Increase of gobulin B 

(a) Syphilis 

(b) Tuberculosis 

(c) Venereal ljmphogranuloma 
(<f) Periarteritis nodosa 

(c) Subacute bacterial endocarditis 
(/) Multiple myeloma 


Decrease of albumin 

(a) Nephritis 

(b) Malnutrition 

(c) Diarrhea 


centi ation of globulin returns to normal quickly, and thereafter changes 
m total serum protein are related to changes m albumin m a linear 
fashion, as noted in the first formula given 

Cases in Which Total Protein Was Above 7 5 Gm pet Handled 
Cubic Centimeters —Total serum protein was above 7 5 Gm pei hun- 
dred cubic centimeters in 9 per cent of the 345 cases studied In each 
instance the increase was due to an mciease m globulin This finding 
and a review of the data in the liteiature show that total serum protein 
above 7 5 Gm per hundred cubic centimeteis means almost mvauably an 
increase m globulin above normal, a fact which suffices for most clinical 
pui poses In the majority of cases in which hyperprotememia occurred 
there was slight lowering of the apparently more easily affected albumin 
fraction Of course, when it is important to know the exact level of 
albumin m this group of cases, it is necessary to determine it quanti- 
tatively This group of cases will be discussed m more detail m a 
subsequent paper 
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01 less) and constitutes 91 pei cent of all the cases studied, the second 
division consists of cases m which there was associated hyperprotememia 
(total seium piotem above 7 5 Gm per hundied cubic centimeters) and 
constitutes only 9 per cent of the cases studied 

Cases m Winch Total Piotem JVas 7 5 Gw or Less pci Hundied 
Cubic Centimeter s — In 71 per cent of all the cases in which the con- 
centiation of the total serum protein was found to be 7 5 Gm or less 
pei hundied cubic centimeters, only albumin was affected In 29 per 
cent both albumin and globulin w^eie changed 

Fust consideiation wall be given the larger group — that m which 
only albumin was affected In this group globulin remained within 
noimal limits, and a linear lelationship w'as found to exist between total 
piotem and albumin By application of the method of least squaies to 
the data of this gioup, the following equation was determined 

A = 093 X (TP — 2 1) 

m which A lepresents albumin and TP total protein The coefficient 
ot coi relation (i ) is 0 9967, and the standaid erioi of estimate is 
±04 Gm per hundred cubic centimeters 

Thus it can be seen that m this first group (71 per cent of the cases 
m this division) the concentiation of albumin can be piedicated fiom 
that of total piotem with a standard erior of estimate of less than 10 
per cent, m other wmids, the total protein alone gives sufficient indication 
tor clinical purposes 

The smallei gioup, in which both albumin and globulin were affected, 
includes all forms of hepatic disease, whether caicinoma, primary or 
metastatic, oi cirihosis, pi unary or secondaiy to chronic heart failure 
It also includes the simultaneous occurrence of two conditions, the one 
causing hyperglobulmenna, the othei hypoalbuimnemia — such as syphilis 
and nephritis, tubeiculosis and malnutntion, oi veneieal lymphogianu- 
loma and diairhea Of the nephritides, only acute glomeiulai nephritis is 
at all regularly associated with deci eased albumin and increased globulin 
Here the nephritis probably accounts for the decrease in albumin and 
the associated infection foi the increase in globulin In all of the types 
of cases just cited, globulin is mci eased and albumin decreased Both 
albumin and globulin may be decreased below normal in the eaily 
stage of severe hemorrhage or in far advanced cnrhosis It is ewdent, 
therefoie, that m the conditions which make up this entiie group the 
values of albumin and globulin must be considered individually 

In these conditions globulin vanes so much that no linear correlation 
between albumin and total protein obtains, and obviously there is no 
correlation between total protein and globulin since albumin vanes so 
much 
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rhoiough application of this proceduie instead of the moie usual 
method of determining albumin and globulin by the relatively inaccurate 
colonmetnc method would enhance the value of seium piotem deteimma- 
tions and make it possible to do moie of them 

SUMMARY 

The expression of the albumin-globulin ratio without leference to the 
total seium piotem content is misleading and should be discarded The 
absolute a allies for albumin and globulin should be used for more claiity 
In all cases in which the total serum protein content is below 7 5 
Gm per bundled cubic centimeteis and the patient is known not to be 
suffering fiom one of the conditions mentioned m the accompanying 
table, the albumin level of the seium may be piedicted fiom the total 
protein le\el by the formula A = 093 X (TP — 2 1) with sufficient 
accuiacy for oi dinar)’- clinical purposes 

When the concentration of total serum piotem is above 7 5 Gm pel 
hundred cubic centimeters, it may safely be assumed that the increase 
is due to a use in globulin, but the degree of this use cannot be pre- 
dicted The fact that globulin is increased m any particular case may 
be helpful m differential diagnosis Further, it may be helpful to know 
whethei this increase is large oi small, otherwise the degree of change 
m globulin is not helpful in the same sense that the degree of change 
in albumin is In view of this, simple tests for the detection of hypei- 
globuhnemia are suggested for most clinical purposes 

In the conditions listed in the table a change in the concentration of 
total serum piotem has no quantitative significance Here too, however, 
a concentiation below 6 0 Gm per hundred cubic centimeters means a 
deciease in albumin (although this indicates the amount of deciease 
only relatively) and a concentration above 7 5 Gm per hundred cubic 
centimeters indicates an increase m globulin A normal concentration 
of total protein (6 0 to 7 5 Gm per hundred cubic centimeters) m this 
group may be due to a deciease in albumin and an increase m globulin 
It is for this group that there is the greatest need for an accurate, simple 
and lapid method of determining serum albumin and globulin The 
most reliable practical technic at the present time remains the Kjeldahl 
For rapid results a combination of the falling drop technic with the 
simple formaldehyde-gel or the globulin piecipitation test may also be 
used here 

If these facts are borne m mind, the much overwoiked diagnostic 
laboratories can be spared considerable time, and a clearer interpre- 
tation of serum proteins can be obtained 


1207 West Franklin Street 
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The Albumin-Globulin Ratio — In each of the thiee gioups con- 
sideied, a ceitain peicentage of the deteimmations showed a leversed 
albumin-globulin latio, IS per cent in the fiist group, 54 pei cent m the 
second and 59 pei cent in the thud The reveisal occuned so fie- 
quently that it did not seive to distinguish any paiticulai pathologic 
entity iiom any othei in which serum proteins weie aftected In the fiist 
gioup of cases the latio was leveised because albumin was loweied — even 
though globulin was noimal In the second gioup of cases it was 
level sed because albumin was lowered and globulin inci eased In the 
thud gioup of cases it was reveised because globulin was so maikedly 
mci eased that leveisal occuried even though albumin was noimal or 
only slightly deci eased It is obvious, therefoie, that one can make no 
piactical application of the albumm-globulm ratio without leference to 
the total piotem Since, then, the significance of the albumm-globulm 
latio depends solel) on its infeience of the absolute \ alues of albumin 
and globulin, it would be much simplei and moie conclusne to lefei 
directly to the absolute values foi total setum albumin and total seiutn 
globulin 

COMMENT 

This study suggests that a good proceduie foi a bus) clinical laboia- 
toiy would be first to deteimme the total seium piotem loutinely by a 
simple, i apid and reliable technic, such as the falling di op method 7 
In the majonty of cases the clinician can obtain fiom this all the mfoi- 
mation he lequires If, how r ever, the total protein is within the noimal 
limits and the clinician suspects a condition oi conditions m which both 
albumin and globulin may be affected, as discussed (see table), then an 
accuiate determination of the absolute values of albumin and globulin 
should be done by a reliable technic, such as the Kjeldahl If the lattei 
cannot be used, the formaldehyde-gel test and the globulin pi ecipitation 
test aie simple and aie said to indicate any increase in globulin 11 

11 Recommended technics are as follows For the formaldehv de-gel test 
(Bing, J The Formolgel Reaction and Other Globulin Reactions, Acta med 
Scandinai 91 336-356, 1937) add 2 drops of 40 per cent solution of formaldeln de 
to 1 cc of serum and lead after three hours’ standing at room temperature If 
the tube can be inverted without losing its contents, the test is positive For 
the globulin precipitation test (Naumann, H N Saturation of Serum with CO. 

A Simple Test for Hyperglobulinemia, Proc Soc Exper Biol & Med 39 377-380, 
1938) add 0 1 cc of serum to 1 0 cc of distilled water in a test tube 10 mm wide 
Saturate with alveolar air and read after fifteen minutes If definite cloudiness 
appears, the concentration of globulin is said to be more than 3 0 Gm per hundred 
cubic centimeters 

The falling drop principle has been applied for the determination of albumin and 
globulin, but the necessaiy precautions are too rigorous for routine use, and since 
only 27 determinations have been correlated with the results obtained by Kjeldahl 
technic, this method cannot be recommended at this time (Barbour, P H, Jr 
The Application of the Falling-Drop Method for Specific Gravitv Measurement to 
the Determination of Serum Albumin, Yale T Biol S. Med 14 107-114, 1941) 
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SICKLE CELL ANEMIA IN THE WHITE RACE 

WITH REPORT OE CASES IN TWO FAMILIES 
M A OGDEN, MD 

PASSAIC, N J 

In view of the lanfy of sickle cell anenna in the w'lnte lace, 2 cases 
of this disease in an active foim in w'lnte families aie heie presented 

REPORT Or CASES 

Case 1 — Gladys C (fig 1), a 9 year old white school girl born of Spanish 
paientage in New Orleans, came to the outpatient department of the Chanty 
Hospital on May 29, 1939, complaining of pam in the throat Her tonsils were 
slightly enlarged and inflamed Her mother stated that the child often had 
“head and chest colds” and appeared to be weaker than other children 

She had been delivered normally at term and had -weighed 7 pounds 
(3,175 Gm ) On the second day after birth a deep yellow discoloration 
appeared all oier her bodv At the age of 3 weeks she was shown to a 
doctor, who advised the mother not to pa\ am attention to this condition At 
the age of 5 years she had a seveie attack of measles 

On Oct 10, 1939, when she again came to the clinic, she appeared deeply 
jaundiced According to her parents she had had a yellow discoloration of the 
whole body all her life At times it became deeper and at times lighter, but 
it never disappeared completely Hei scleias had a greenish yellow tint She 
was subject to repeated attacks of “sore throat” For the past two years such 
attacks had been increasing in intensity She was confined to bed six times 
during this period and finally had to abandon her studies Occasionally she 
had some abdominal discomfort accompanied by diarrhea, but without nausea oi 
vomiting There was no history' of pains in muscles or joints 

Family History — Gladys’ fathei and mother were both of Spanish descent 
and came from Nicaragua to New Orleans, where they had resided for twentv- 
five years 

The father (fig 2) a 42 year old common laborer, was in good health, and 
his blood picture was normal A moist preparation of his whole blood did not 
show' any' abnormality' in forty-eight hours The mother (fig 2), a 38 year old 
factory worker, w'as slightly anemic and had suffered from “menstrual irregu- 
larities” for years Examination of a direct smear revealed no abnormalities in 
the blood, but in a moist preparation of her whole blood after forty-eight hours 
89 per cent of the erythrocytes became sickled 

A maternal aunt of the patient died at the age of fouiteen Before her 
death she “turned completely y'ellow' ” A paternal aunt of the patient, Victoria 
C (fig 2), aged 16, w'as a school girl in good health Her blood picture, like 

From the Department of Pathology' and Bacteriology', Louisiana State Uni- 
versity Medical Center, and the Chanty Hospital of Louisiana, New Orleans, 
and the Department of Pathology, Passaic General Hospital 
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blood serum The fragility test showed hemolysis beginning at a 0 34 per cent 
concentration of sodium chloride and complete at a 0 26 per cent concentration 
The coagulation time was four minutes and the bleeding time five minutes 

Examination of a direct blood smear (by my own method) - revealed 41 
per cent neutrophils, 8 per cent eosinophils, 1 per cent basophils, 42 per cent 
lymphocytes and 8 per cent monocytes Occasional fragile cells (degenerated 
leukocytes) were found (fig 4) The Schilling hemogram indicated a slight 
regenerative shift to the left, with 2 per cent myelocytes, 4 per cent metamyelo- 
cytes, 10 per cent band forms and 25 per cent segmented forms among the neu- 
trophils 

In a vital staining preparation of 400 leukocytes and 10,000 erythrocytes, 
3 per cent normoblasts and 27 5 per cent reticulocytes were encountered and 
marked basophilic stippling and polychromatophiha were observed Although 



Sicklemia 3 Louis C, Jr, 7 year old brother of the patient Sicklemia and 
anemia Possibly subclimcal type of sickle cell anemia 4 Mrs Louis C, 38 
year old mother of the patient Sicklemia 5 Maternal aunt of the patient Died 
at the age of 14 The history given is suggestive of sickle cell anemia, active 

6 Louis C Sr , 42 year old father of the patient No blood dyscrasia found 

7 Victoria C, 16 year old paternal aunt of the patient No blood dyscrasia 
found 8 Maternal grandmother of the patient Died at the age of 35 The history 
given is suggestive of sickle cell anemia, active 9, 12, 13, 14 and 15 Maternal 
ancestors of the patient 10, 11, 16, 17, 18 and 19 Paternal ancestors of the 
patient 

about one third of the erythrocytes appeared to be hypochromic, many of them, 
especially those having sickle and oat shapes, contained an increased amount of 

2 Ogden, M A A New Method of Making Smears for Hematologic, 
Cytologic and Bacteriologic Examinations, Am J Clin Path (Tech Supp ) 
3 183, 1939 
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that of her brother (the father of the patient), was normal both in a direct 
smear and m a moist preparation after forty-eight hours 

The paternal grandfather of the patient died at the age of 73 of rheumatic 
fever The paternal grandmother of the patient was 65 and in good healtn 
The paternal great-grandparents, about whose health the patient’s father could 
not give any definite information, came from Spain The maternal grandparents 
of the patient had resided all their lives in Nicaragua The maternal grandmother 
died at the age of 35 The history of her illness, as related by her daughter, 
the mother of the patient, is suggestive of active sickle cell anemia The 
maternal grandfather was 83 and in good health The maternal great- 
grandparents came to Nicaragua from Spam 

The sister of the patient, Mei cedes C (fig 2), a 5 year old school girl, 
appeared to be normal, though slightly undernourished She had measles at 3 
Examination of a direct smear did not reveal any abnormality in the blood 
However, after forty-eight hours 81 per cent of the erythrocytes in a moist 
preparation became sickled The brother of the patient, Louis C Jr (fig 2), 
a 7 year old school boy, was slightly anemic His conjunctivas and labial 
mucosae were pale, and he was of delicate build He had had measles at the 
age of 4 and suffered from occasional headaches and nasal bleedings His 
blood picture indicated a slight anemia of normocjtic In pochromic type In 
a moist preparation of his whole blood 93 per cent of the erythrocjtes became 
sickled after forty-eight hours In spite of the presence of anemia and sickle- 
emia in this boy the climcopathologic complex of the active sickling trait was 
absent 

Physical Examination — Gladys was a poorly nourished, slender white girl 
weighing 48 pounds (218 Kg) (average weight 64 pounds [29 0 Kg]) and 4 
feet (12192 cm) tall (average 4 feet 4 inches [132 08 cm]) 1 The temperature 
was 99 8 F , the pulse rate 96 and the respiratory rate 20 She appeared to be 
sufficiently intelligent for her age No abnormalities were found in her lungs 
The heart was slightly enlarged, its right border extended 1 cm to the right of 
the right parasternal line The apex beat was in the fifth intercostal space by 
the left mamillary line A loud systolic murmur of hemic origin was especially 
audible at the aortic and mitral valves The upper and lower extremities were 
normal, there were no ulcers and no traces of the old, healed scars The spleen 
was not felt on palpation and was found to be small on deep percussion The 
liver was enlarged , its lower border extended 6 cm below the right costo- 
chondral line and was 2 cm above the umbilicus The gallbladder was not 
sensitive to pressure, and there was no evidence of general or local lymphadenop- 
athy Reflexes and systems did not show any noticeable abnormality 

Laboratoiy Data — There were 2,688,000 red blood cells, 11,500 white blood 
cells and 948,000 platelets per cubic millimeter of blood The hemoglobin con- 
centration was 49 per cent (71 Gm per hundred cubic centimeters), on the 
14 5 Gm = 100 Sahli scale Hematocrit readings showed 22 volumes per cent 
of packed erythrocytes The mean corpuscular volume was 81 5 cubic microns 
and the mean corpuscular hemoglobin 26 3 rmcromicrograms The mean corpuscular 
hemoglobin concentration was 32 3 per cent, the color index 0 9 and the icterus 
index 25 The van den Bergh reaction indicated 5 25 units of bilirubin m the 

1 The Average Weight and Height of Childien, Tables of the National 
Child Health Council, cited m De Re Medicma, Indianapolis, Eli Lilly & Company, 
1941, p 298 



OGDEN— SICKLE CELL ANEMIA IN WHITE RACE 


169 


The urine was clear, gave an acid reaction and had a specific gravity of 
1 020 Dextrose was not found, 0 01 per cent of albumin was present, and the 
reaction for urobilin was positive in a dilution of 1 100 Microscopic exami- 
nation after centrifugation for five minutes at 500 revolutions per minute revealed 
5 to 8 leukocytes per high pow'er field and occasional mucous threads and epi- 
thelial cells, but no casts or erj throc 3 'tes 



Fig 5 — Johnny M (case 2) 


Examination of the stool when the patient w'as on a meat-free diet revealed 
occult blood (1 plus) Examination of a direct smear, a centrifugal concentration 
specimen and a zinc suliate flotation specimen did not reveal any evidence of 
ova, cysts or parasites 

Case 2 — Johnny M (fig 5), an 8 year old white school boy born in Passaic, 
N J, w'as admitted to the Passaic General Hospital on March 19, 1941 for 
treatment of "rheumatic fever” He w'as of German extraction on the pater- 
nal side and of mixed Indian (?) and Scotch (?) extraction on the maternal 



168 


ARCHIVES OF INTERNAL MEDICINE 


hemoglobin There were 19 per cent of sickled cells, 6 per cent of oat cells, 
3 per cent of ovalocytes and 12 per cent of elongated eiythrocytes The remain- 
ing erythrocytes were umcoi nate, polycornate, filiform, monocaudate and bicau- 
date (caudocytes) There were also some with shaip ends at one or both 
poles (spiculocvtes) and others of indefinite form, some of which w'ere only 
artefacts 

After production of local anoxemia (b\ the method of Scriver and Waugh 3 ) 
examination of a moist prepaiation of the whole blood by Emmel’s method 4 
revealed 6 5 per cent of er\ throc\ tes w Inch sickled immediately Eight per cent 
had sickled in fifteen minutes, 12 per cent m half an hour, 17 per cent in one 
hour, 40 per cent in tw'O hours, 55 per cent in three hours, 73 per cent m six 



Fig 4 — Direct smeai of the peripheral blood, Gladys C Drepanoblast and 
several drepanocytes are observed 

hours, 95 per cent in twenty-four houis and 99 pei cent in forty-eight hours 
The blood was kept at loom temperatuie 

The blood pictuie w'as indicatne of se\ere sickle cell anemia in the active 
stage and w’as characterized bv leukoc\ tosis, 1 plus, w r ith a slight regenerative 
shift to the left, erythropema, 2 plus, with a modeiate ervthrogenesis, 2 plus, 
and moderate eosmophiha compatible with sickle cell anemia 

3 Scriver, J B , and Waugh, T R Studies on a Case of Sickle-Cell 
Anemia, Canad M A J 23 375, 1930 

4 Emmel, V E A Study of Erythrocytes in a Case of Severe Anemia 
wuth Elongated and Sickle-Shaped Red Blood Corpuscles, Arch Int Med 20 
586 (Oct) 1917 
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per cent lymphocytes and 6 per cent monocytes Among the erythrocytes (fig 6) 
there were 8 per cent sickle cells, 6 per cent oat cells and occasional cylindro- 
cytes and ovalocytes In a moist preparation of whole blood 7 per cent of the 
red blood cells were sickled within fifteen minutes, 36 per cent within fifteen 
hours and 99 per cent within twenty -four hours 

The sedimentation rate of the red blood cells on March 22, 1941 was one 
hundred and seventy minutes (Linzenmeier’s method) The reaction to the 
Kahn test of the blood was negative Examination of culture material from the 
throat did not reveal diphtheria bacilli or other pathogens 

A specimen of urine taken March 20, 1941 was clear and light amber The 
reaction was alkaline and the specific gravity, 1 005 Dextrose and albumin were 
not found The reaction for urobilin was positive m a dilution of 1 50 Micro- 
scopic examination of the centrifuged sediment revealed occasional degenerated 



Fig 6 — Direct smear of the peripheral blood, Johnny M 

leukocytes and epithelial cells of urinary bladder type, amorphous phosphate, 1 plus, 
and occasional triple phosphate crystals 

The electrocardiogram showed slight deviation of the axis to the left 
The diagnosis was active sickle cell anemia 

Family History —Johnny’s father (fig 7), a 40 year old electrician, was born 
m the Panama Canal Zone and had always been in good health His blood 
picture was normal and the erythrocytes m a moist preparation did not show 
any abnormality after forty-eight hours Johnny’s mother (fig 7), a 34 year 
old housewife, was born in Buffalo She was slightly anemic The red blood 
cell count was 3,600,000, the hemoglobin concentration 66 per cent (9 1 Gm ), 
and the white blood cell count 5,100 Examination of a direct smear of her 
blood did not reveal any noticeable abnormality of the erythrocytic structure 
except slight amsocytosis In a moist preparation of the blood 76 per cent 
of the erythrocytes became sickled within twenty-four hours 

Johnny’s eldest brother, Ernest (fig 7), aged 14, had had m childhood an 
attack of poliomyelitis, vduch, however, did not cripple him The red blood 
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side 5 His mother stated that although he was a full teim baby he weighed 
only 5 pounds (2,268 Gm ) at birth, in contrast to her other children, whose 
average birth weight was 7 pounds (3,175 Gm ) In his early childhood he suf- 
fered from chickenpox, pertussis and frequent colds Tonsillectomy was per- 
formed when he was 3 years old He was always a “sickly” child and suffered 
from repeated and rather severe “nosebleeds ” He went to school, but was 
compelled by ill health to leave it frequently According to his teacher, he 
showed little progress m his studies and was considered to be below the average 
level For the past two years he had suffered from rather severe pains m 
muscles and joints, especially in the lower extremities These pains were often 
accompanied by fever He was treated by his family physician for “rheumatic 
fever ” Exposure to ultraviolet radiation and other physical therapeutic procedures 
were used without success 

Physical Examination — At the time Johnny entered the hospital he was a 
pale, anemic-looking, slightly jaundiced, undernourished white child He was 
so distinctly underdeveloped that no one considered him to be older than 4 
years He weighed 37 pounds (16 8 Kg ) (average normal, 58 pounds [26 3 Kg]), 
and his height was 43 inches (109 cm ) (average normal, 50 inches [127 cm]) 

His tempeiature on admission was 99 8 F, and during his stay in the hospital 
it showed variations from 98 5 F to 101 4 F (mainly evening elevations) The 
temperature curve was of the continuous irregular type His pulse rate varied 
from 80 to 115 and his respiratory rate from 20 to 30 

The heart was slightly enlarged , its right border extended 0 5 cm to the 
right from the right parasternal line A dull systolic murmur of hemic origin 
was noted 

No ulcers oi old scars were found either on the upper oi on the lower 
extremities 'The spleen was not enlarged The liver was moderately enlaiged, 
its lower border being 4 cm below the right costochondral line The gall- 
bladder was not sensitive to pressure, and no general or local adenopathy was 
noted 

Both knee and ankle joints were painful on moderate pressuie, but were not 
swollen The muscles of both femoral regions were similarly affected 

With the aid of roentgenograms slight cardiac hypertrophy was demonstrated 
Roentgengrams of the skull, arms and legs failed to reveal anv evidence of 
destructive or productive changes m the bones Masses in the mediastinum 
and active pulmonary lesions could not be demonstrated by means of roentgeno- 
grams Reflexes and systems did not show obvious deviation from normal 
conditions 

Laboiatoiy Data — The number of red blood cells showed variations from 
2,870,000 to 4,490,000 (after blood transfusions), with a hemoglobin concentra- 
tion of from 45 per cent (6 52 Gm ) to 58 per cent (8 41 Gm ), on the 13 8 Gm 
= 100 per cent Sahli scale The number of white blood cells varied from 
11,600 to 11,800 Examination of a direct blood smear revealed 71 per cent 
neutrophils (Schilling hemogram 2 per cent metamyelocytes, 7 per cent band 
forms, 62 per cent segmented), 5 per cent eosinophils, 1 per cent basophils, 17 

5 For a long time Johnny’s mother attempted to conceal her Negro ancestry 
by making confusing statements concerning the Indian and Scotch ancestry, 
which apparently constituted only minor branches in her family tree, as is 
indicated in figure 8 She finally admitted Negro ancestry 
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Johnny's maternal grandmother, aged 55, had a red cell count of 4,050,000, a 
hemoglobin concentration of 78 per cent (10 76 Gm ) and a white cell count 
of 8,800 (fig 8) Neither a direct smeai noi a moist prepaiation of the whole blood 
showed any abnormal erythrocytic morphology Johnny’s maternal aunt, aged 31, 
did not show any abnormal erythrocytic morphology either m a direct smear 
or in a moist prepaiation after a routine forty-eight hour check 

A paternal great-giandfather and a paternal great-grandmother of Johnny were 
Germans A paternal gi eat-great-grandfather was of puie German descent A 
paternal great-great-grandmother was of mixed German and English extraction 
The maternal grandfather died at the age of 24 of “some heart tiouble,” according 
to Johnny’s maternal grandmother, who w'as still living with the family A 
maternal great-grandmother lned in Chaileston, S C She was of “half Indian 
(?)” blood She died at the age of 80 of “indigestion” Her husband (a mater- 
nal great-grandfather of Johnny), who died of “dropsy” ( ? ) at the age of 



Fig 8 (chart 2) — Family tree of Johnny M 1 Johnny M , 8 year old white 
boy Sickle cell anemia, active 2 Ernest M Jr, 14 year old brother of Johnny 
Sicklemia 3 Joseph M, 10 year old brother of Johnny Sicklemia 4 Joyce 
M , 19 month old sister of Johnny Sicklemia 5 Ernest M , 40 year old father of 
Johnny No blood dvscrasia found 6 Mrs Ernest M, 34 year old mother of 
Johnny Sicklemia 7 Mis E E, 31 year old maternal aunt of Johnny No blood 
dyscrasia found 8 Mrs E P, 55 year old maternal grandmother of Johnny 
No blood dyscrasia found 9 Maternal grandfather of Johnny Died at the age of 24 
The histoiy is suggestive of actne sickle cell anemia 13 Johnny’s maternal great- 
grandfather, who died at the age of 28 w'as a Mulatto (Ml) jp The maternal 
great-great-grandfather of Johnny w'as a Negro (sic » I >) 12 and 18 Maternal 

ancestors of Johnny 10, 11, 14 15, 16 and 17 Pateinal ancestors of Johnny 

28, was a mulatto His father (a maternal great-great-giandfather of Johnny) 
w'as a Negro His mother (a maternal great-great-grandmother of Johnny) 
was of “mixed” Negro and wdnte blood 

Blood Giouping of Johnny’s Faintly —Johnny’s father belongs to group A, 
and his mother to group O Johnny and his two brothers all belong to group A 
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cell count was 4,800,000, the hemoglobin concenti ation 78 per cent (10 76 Gm) and 
the white cell count 9,200 Examination of a direct blood smear revealed no 
abnormal erythrocytic structure In a moist preparation of the whole blood 88 
per cent of the red blood cells became sickled within a twenty-four hour period 
Joseph (fig 7), aged 10, another brother of Johnnv, had a red cell count of 
4,550,000, a hemoglobin concentration of 84 per cent (1159 Gm ) and a white 



Fig 7 — Johnnj’s family 

cell count of 6,900 Examination of a direct smear of Ins whole blood levealed 
no abnormal erythrocytic structure Ninet\ -two per cent of the erythrocytes 
in a moist preparation of whole blood became sickled within tw'enty-four hours 
Joyce (fig 7), Johnnj’s baby sister, 19 months old, had a red cell count of 
3,900,000 and a hemoglobin concentration of 50 per cent (6 9 Gm ) Examination 
of a direct smear revealed slight amsocytosis In a moist preparation of the 
whole blood 63 per cent of the erjthrocvtes became sickled within twenty-foui 
hours 
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series only occasional cells became sicklecl at the end of twenty-four 
hours However, at the end of forty-eight hours as many as 23 to 38 
per cent of erythrocytes became sickled The moist preparations were 
observed for at least forty-eight hours, since if the period of observation 
is limited to twenty-four hours delayed sicklemia may be missed 

I refer to sicklemia as “immediate” or “delayed” without the use 
of the word “latent,” because although in such patients the typical 
chnicopathologic complex of the active form is not found, there appar- 
ently exists a variety of subchmcal types of sickle cell anemia which 
may be activated or abated by factors not yet well understood The 
speed of sickling may be an index of activity of trait only in some cases 

I do not believe that the present state of knowledge of this disease 
permits any attempt at satisfactory classification The present study 
suggests that the sicklemie trait is acquired pienatally and that by the 
time of birth it appears either m the active form, sickle cell anemia, or 
m the inactive, sicklemia In this series I was unable to find a single 
case of “possible activation” of the sickling trait 

The forms noted in this series were active sickle cell anemia (in 
the stage of relapse or remission), sicklemia m the subchmcal, symptom- 
less stage and sicklemia without severe anemia but with only a few 
symptoms of the active trait Whether persons born of sicklemie parents 
and themselves not showing any sickling trait are capable of producing 
sicklemie progeny is not yet definitely established For the purpose of 
determining the incidence of the sickling trait in the white and Negro 
laces in New Orleans, I studied 1,602 unselected, consecutive cases 
in the outpatient department of the Charity Hospital at New Orleans 
from Nov 7, 1939 through May 2, 1940 

Methods — Direct smears of the peripheral blood were made accord- 
ing to my own method 2 Both the smears and the bone marrow prepa- 
rations obtained from patients with blood dyscrasias were stained with 
Wright’s stain Moist pieparations of the whole blood were obtained 
by the method of Emmel 4 They were kept at room temperature foi 
forty-eight hours Some preparations were kept for several months, 
but it was found that forty-eight hours is ample time for study of the 
erythrocytic structure Within this length of time such untoward com- 
plications as hemolysis, multiplication of bacteria, growth of fungi (since 
the procedure is not sterile) , reversion of the elements to their original 
shape and autoagglutination, although they do occur, usually are not 
so extensive as to interfere materially with the carrying out of the test. 
The moist preparations were observed immediately after the blood had 
been obtained and at the end of two, six, twenty-four and forty-eight 
hour intervals In this way the untoward reactions were noted in time. 
In Negroes local anoxemia was produced before the blood was obtained 
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It is interesting that although in this family the mother transferred the sickl- 
emic trait to all her children, they inherited the father’s blood group containing 
agglutinogen A The most remarkable fact from the anthropologic standpoint 
is that Johnny scarcely shows any characteristics of the Negro race His mother 
has crisp, curly hair and a rather wide, flat nose, thus showing some resemblance 
to a Negress, although her skin is rather light (fig 7) 

INVESTIGATION 

In this work the manifestations of the sickling trait were classified 
as sickle cell anemia and sicklemia The latter was considered to be 
of two varieties, immediate and delayed, between which no sharp line 
can be drawn Sickle cell anemia, an active sickling trait, was defined 
as a chmcopathologic entity in which sickling of the erythrocytes in a 
moist preparation takes place either immediate!)- or within a short 
interval, so that at the end of six hours at least 15 per cent of the 
erythrocytes are sickled The presence of sickle or oat cells in varying 
numbers may also be observed in the direct smeai 

The phenomenon of sickling is accompanied by a definite climco- 
pathologic complex, which, according to the general consensus, has 
numerous manifestations, including jaundice, hepatomegaly, spleno- 
megaly (or splenic atrophy), severe anemia, urobilinuria, ulcers of the 
legs, abdominal crises, superficial, regional or generalized lymphaden- 
opathy, arthritic and muscular pains, fever, heart murmurs, thickening 
of the skull, especially of the parietal bones, osteoporosis and osteo- 
sclerosis, especially m the long bones, delayed physical development, 
weakness and sometimes mongoloid facial features This familial and 
hereditary disease is transferred to the offspring according to mendelian 
law (as S)denstricker e first pointed out) It is of extremely chronic 
charactei, and may, as m this case, be of lifetime duration with periods 
of exacerbation and remission At some periods and m some patients 
man)'- symptoms may be absent, but the most constant, I believe, are 
jaundice (clinical or subchnical) and hepatomegaly m combination with 
the characteristic blood picture already described 

Immediate sicklemia is characterized by the sickling, immediately or 
within a short period of time (less than six hours), of over 15 per cent 
of the erythrocytes in the moist preparation In the direct smear a few 
sickle or oat cells may sometimes be observed This condition may also 
be accompanied by anemia, but the whole chmcopathologic complex of 
sickle cell anemia, just described, may be absent 

In delayed sicklemia examination of a direct smear does not reveal 
any characteristic picture Sickling of the erythrocytes develops in the 
moist preparation only after prolonged standing In some cases in this 

6 Sj denstricker, V P Further Observations on Sickle Cell Anemia, 
J A M A 83 12 (July 5) 1924 



OGDEN— SICKLE CELL ANEMIA IN WHITE RACE 177 

has been pointed out As far as the white race is concerned, m 8 cases 
of active sickle cell anemia (including 2 cases reported here) and 12 
cases of sicklemia (including 7 cases reported here), the diagnosis 
appears to be founded on sufficient data to be considered as proved 
(table 1) The problem of whether this condition is confined to the 
Negro race or ma) occur in members of white and yellow 7 races without 
admixture of Negio blood is not yet satisfactorily solved However, it 


Table 1 — Cases of Sickle Cell Anemia in the White Race ' 


Patient 


1 car 


fee\ 


Place 

Jaundice— J 

Sicklemia 

Re 


and 


of 

Spleen— S 

in the 

ported 

Authors 

Age 

Nationality 

Birth 

Liver — L 

Family’ 

1929 

Cooley, T B and 

M 

Greek 

Detroit 

J— present 

3Iother 


Lee, P Am J Dis 

4 



S— enlarged 



Child 38 103 (Julj) 
1929 




L— not recorded 


1932 

Rosenfeld, S , and 

31 

Italian 

Brooklyn 

I— present 

3Iother, 


Pineus, T B Ain 7 
31 Sc 184 074,1932 

9 



S — enlarged 

L — enlarged 

sister 

1934 

Cooke, J V , and 

31 

American 

St Louis 

J— absent 

Tather 


Mack, J K J 

1 



S— enlarged 



Pediat 1 001,1934 




L— enlarged 


1934 

Cooke and Mack 

F 

American 

St Louis 

J— absent 

Father 



o 

u 

(sister of 
preceding 
patient) 

l 

S— not enlarged 
L—enlargcd 


1937 

Haden, R L , and 

r 

Sicilian 

Sicily 

J— present 

Brother 


Evans, F D Arch 

21 



S— enlarged (re- 
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mo\ed previ 



(July ) 1937 




ously) 

L— not recorded 


1937 

Haden and Et ans 

F 

Sicilian 

United States 

J— present 

Brother 



15 

(sister of 
preceding 
patient) 


S— enlarged 

L— enlarged 


1941 

Ogden 

F 

Spanish 

New Orleans 

J— present (severe) Mother, 



9 



S — not enlarged 

brother. 






L — enlarged 

sister 

1941 

Ogden 

31 

German 

Passaic, N J 

J— present (mild) 

Mother, 



8 



S— not enlarged 

brother J 






L— enlarged 

brother E , 
=ister 


* Some of the cases tor example tho=e in Clarke’s report of 2 cases of sickle cell anemia 
in a Sicilian family (Nebraska 31 J 18 37G 1933) are not included, since according- to the 
author, the father and son in that family possessed the characteristic appearance of Negroes 


appears to me that I hate a right to my strong conviction that the 
sickling trait is a conditon found in the Negro lace only and that m all 
cases in which members of white families have such a trait (m the active 
or inactive form) an admixture of Negro blood m the immediate, oi 
occasionally even m the remote, ancestry has taken place 

So far, m not a single case has descent been definitely traced far 
enough back to establish beyond question the wffiite ancestry of the 
person affected By lefemng to table 1 it can be concluded that all 
white persons with sickle cell anemia reported on up to the present 
tune have been persons of Meditei ranean ongm (Greeks, Italians, 
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for the test Both a chiect smeai and a moist preparation were obtained 
in each case, a complete blood pictuie studied and a brief history noted 
Patients — The patients were fiom 3 weeks to 88 years old There 
were 910 white peisons (451 male and 459 female) and 692 Negroes 
(173 male and 519 female) Of the 692 Negroes, 45 (8 male and 
37 female) showed a sickling ti ait Sickle cell anemia was found in 
7 patients (5 male and 2 female) and sicklemia (immediate and delayed) 
was found in 38 patients (3 male and 35 female) The incidence of 
the sickling trait m the Negio lace w r as 6 5 per cent There was not 
a single case of the sickling trait in the 910 white persons studied 
The patients with active sickle cell anemia weie distributed according 
to age as follows fiist decade 1, second decade 4, third decade 1 and 
fourth decade 1 It is lather a lemaikable observation in this series 
that of the 37 females showing the sickling tiait only 2 (5 4 per cent) 
had an active sickle cell anemia, wdiereas of the 7 males with the sickling 
trait 5 (71 4 per cent) sufiered from an active sickle cell anemia 

Sicklemia was associated with syphilis in 7 patients (6 female, 1 
male) It w^as associated with peitussis in 1, piegnancy in 1, recurient 
carcinoma of the breast m 1, chionic salpingitis m 1, “chronic” appen- 
dicitis in 1, excessive menstruation in 1, acute pyelitis (also Tnchuns 
tnchiura and Enteiobius vermiculans infection) in 1, acute gastritis in 
1, retroflexion of the uteius with cystic ovaries in 1, hypertensive heart 
disease in 2 and utenne fibroids (leiomyomas) in 2 In none of these 
conditions accompanied by the sickling trait (sicklemia) did activation 
(sickle cell anemia) develop, nor was actuation of the sickling trait 
observed in the 14 year old white boy (Ernest M, Johnny’s brother, 
mentioned previously) wdio had had poliomyelitis in childhood 

In the course of this investigation it was found that while studying 
the sickling tiait one should considei other blood dyscrasias m which 
erythrocytic structure plays an impoitant lole The details of this 
study of closely i elated blood dyscrasias will be presented shoitly in a 
separate paper 

COMMENT 

Accoidmg to Kilhngsworth and Wallace, 7 who surveyed the litei- 
ature on this subject, the average incidence of the sickling trait m 
Negroes in the United States is 7 pei cent It is possible that m different 
localities and different countries some vanations m the incidence of the 
sickling trait might be found, but for the study of the comparative 
incidence of this trait standardization of the criteria for the diagnosis 
and of the technic is desnable Foi example, the time of observation 
of the moist prepaiations should be not less than foity-eight hours, as 

7 Kilhngsworth, W P , and Wallace, S A Sicklemia m the Southwest, 
South M J 29 941, 1936 
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of the sickling tiait in a white person is a definite pi oof of admix tin e 
of Negio blood in the immediate or i emote ancestiy In no case of the 
sickling trait in a white person reported up to the piesent time has the 
possibility of admixture of Negro blood been definitely excluded Since 
it also has been demonstrated that a simple dominant non-sex-lmked 
mendelian chaiacter may be transmitted to the bearer’s descendants for 
over four centuries, 9 and since the sickling trait follows the laws of 
such a transmission it is evident that if the admixtuie of Negro blood 
did not occur m the fourth or fifth generations of Gladys’ family it 
might still have taken place as far back as four or five centuries, even 
at the time of the Moorish occupation of Spam In this case the disease 
had been active since the patient’s birth During the first nine years of 
her life she had never been completely free from the chnicopathologic 
complex The disease was also progressing during the last year that 
this patient was under my obseivation 

I was unable to find elsewhere in the liteiature a single proved case 
of the sickling trait in a person of Spanish descent and therefore believe 
that the case of sickle cell anemia and the 3 cases of sicklemia m persons 
of Spanish ancestry here presented are the first to be reported 

A case of the sickling trait m a white person to be acceptable should 
satisfy at least the following requirements 

1 Photographs of the affected person or persons, including membeis 
of the immediate family, m all cases m which this is possible, should be 
presented 

2 The family tree should be studied m detail for the puipose of 
confirming or rejecting the possibility of the existence of the sickling 
trait in every member 

3 A photomicrograph of the direct smear (in the active foim) 
or of the moist preparation at the end of forty-eight hours (or befoie) 
should be presented 

4 The nationality and ancestry of the persons affected should be 
studied in reference to their residence The history of the race to which 
the affected person belongs should be considered 

5 Admixture of Negro blood, if any, should be investigated, and 
any possibility of Mediterranean ancestry should be considered 

As far as the incidence of sickle cell anemia m any race is concerned, 
it should be admitted that the routine diagnostic procedures are 

9 Boyd (A Text Book of Pathology, ed 3, Philadelphia, Lea & Febiger, 
1938, p 387) cites as an example a case of brachydactyly “transmitted from one 
of Henry the Sixth’s nobles m the fifteenth century to descendants living at the 
piesent day, the lecently exhumed skeleton of the original earl showed the same 
bony change ” 
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Sicilians and Spaniards), with the exception of one American family, 
whose ancestiy, however, was not traced sufficiently far back, and one 
German family (Johnny’s), m which I was able to prove Negio ancestry 
Every living person, if one goes back twenty-four generations, 
allowing thirty years to a generation, had m the early thirteenth century 
16,713,216 ancestors in the direct line 8 If one considers this fact, it 
becomes obvious that it is practically impossible to exclude with any 
degree of certainty the existence of an admixtuie of Negro blood m 
some members of the white race (table 2) 

Hannibal’s invasion of Spam and Italy (218 B C ), the Moorish 
occupation of southern Spain (711 A D to 1492 A D ), slave trade 


Table 2 — Eva ybody’s Ancestiy 



One Living Person Has 

r irst generation (present daj ) 

2 parents 

Second generation 

4 grandparents 

Third generation 

8 great-grandparents 

Fourth generation 

16 great-greaLgrnndpnrents 

Fifth generation 

32 

Sixth geneiation 

64 

Seventh generation 

128 

Eighth generation 

256 

Mnth generation 

612 

Tenth generation 

1,024 

EIe\ enth generation 

2,048 

Twelfth generation 

4,096 

thirteenth generation 

8,192 

Fourteenth generation 

16 384 

Fifteenth generation 

32, 70S 

Sixteenth generation 

C3,o36 

Seventeenth generation 

131,072 

Eighteenth generation 

262,144 

^Nineteenth generation 

524, 2S8 

Twentieth generation 

1,044,576 

Fnentj first generation 

2,089,152 

Tvventj second generation 

4,178,304 

Twentj third generation 

8,350,60S 

Tvventj fourth generation 

10,713,216 


with Afuca, participation of Negroes in European wars and other 
historic circumstances brought the Negro race into close contact with 
the white In the first case reported here the parents of the patient 
came from Nicaragua, which, according to the latest census, has about 
750,000 inhabitants Forty thousand are Indians, 2,000 are foreigners 
of various nationalities and the remainder are Spaniards Although 
there are no Negroes m Matagalpa, a small town from which the parents 
of Gladys came, among the 6,000 residents of Bluefields a number of 
Negroes are domiciled The great-great-grandparents of Gladys in both 
the maternal and the paternal lines came from Spam Basing my con- 
clusions on the study of a number of cases of sickling trait, including 
the 54 cases reported here, I assert, without any hesitation, that presence 

8 Bloodless Phlebotomist, New York, The Denver Chemical Manufacturing 
Company, 1936, p 21 
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cell trait, or sicklemia, there will occui cases of sickle-cell anemia m a 
latio estimated to be about 1 to 40 or 50” Sydenstricker G gave the 
latio of sicklemia to sickle cell anemia as 9 1 Graham and McCaity 12 
expiessed the opinion that this ratio is rathei high Howetei, m the 
present series the incidence of active sickle cell anemia among possessors 
of the sickling trait appears to be still highei, about 17 per cent 

Should the number of persons who manifest an active sickle cell 
anemia be taken as approximately 15 per cent (a piopoitton of 1 to 7) 
which, I believe, is quite close to the actual incidence, then, according to 
the figures given pieviously, an aimy of 135,088 people are doomed to 
complete exteinunation eithei m the first or m the second decade of 
life Only a few survive until the third decade and still fewer until the 
fourth decade oi later It has also been proved that (as m both families 
here reported on) eveiy sicklemic person is a potential bearer of sickle 
cell anemia and that, while not showing any maiked clinical manifes- 
tations of the disease himself, he is capable of transfeiimg it in active 
f oi m to his piogeny Intermai i lages between Negroes and white 
persons, which at one time were permitted in some states, may therefoi e 
directly endangei the white lace by the transmission of the sicklemic 
trait 

MEDICOLEGAL SIGNIFICANCE Or THE SICKLEMIC TRAIT 

I believe that the piesence oi absence of the sicklemic trait, because 
of its high incidence m the Negio race, may be of some service m ceitam 
medicolegal piocedures, foi example, the detei mmation of paternity, as 
a supplement to the use of present knowledge m the lealm of hem- 
agglutinins 

SUMMARY 

1 Nine examples of the sickling tiait (2 of them of active sickle 
cell anemia) in 2 white families are hereby reported 

2 Familial incidence and heieditaiy tiansnnssion of the sickling 
trait m the maternal line aie established m both these families The 
motheis m both families had a delayed sicklemia, which possibly is an 
inactive, subchnical form of the disease, and each of them had trans- 
ferred the disease m active form to at least 1 child and sicklemia to all 
the other children in her family 

3 The incidence of the sickling trait in 1,602 unselected patients of 
both the white and the Negro race was investigated The sickling trait 
was found m 65 pei cent of the Negroes Theie was no instance of 

12 Graham, G S, and McCarty, S H Sickle Cell (Memscocytic) Anemia 
South M J 23 598, 1930 
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inadequate Many cases aie missed because sickle cell anemia can be 
diagnosed by examination of the direct smear only in the clinically 
active periods At times when the patient is in the stage of improve- 
ment, only a few sickle cells may be found, chiefly by my method of 
combined thick and thin smears and especially in the thin half of the 
slide In the thick smeai a few sickle cells, if present, aie usually 
obscured by various non-sickled erythi ocytes As a rule, sicklemia is 
missed if only dnect smears are made 

The sickling tiait, as has been previously pointed out, can be diag- 
nosed mainly by means of the moist preparation, and then only if it 
is kept not less than foity-eight hours at room temperature I use the 
moist preparation as a part of the i outine procedui e for determining the 
blood count and am convinced that such a procedure should be generally 
accepted As soon as a greatei numbei of such tests are performed on 
blood from members of different races, moie pi ogress will be attained 
in detei mining the racial incidence of this condition 

SICKLE CELL ANEMIA AS A NATIONAL HEALTH PROBLEM 

With the exception of the African continent, the largest number of 
the Negro population is domiciled m the United States, where, accoidmg 
to the 1940 census, there were 12,865,5 IS Negroes The number of 
those having the sickling trait is 900,586, oi 7 per cent of the total 
number 7 These figures, of course, are approximate, but as close to the 
actual number as it is possible to estimate at the piesent tune The 
propoition of patients with active sickle cell anemia to the total number 
of sicklemic persons apparently has nevei been properly estimated, since 
m a number of cases active sickle cell anemia was evidently ovei looked or 
diagnosed as some other disease, such as malaria, jaundice of unknown 
cause or rheumatic fever Many children died m the fiist few months oi 
even days of life fiom what appeared to be a deep “jaundice of unde- 
termined origin ” 

In addition, theie is marked confusion m the literatuie as to the 
propei meaning and definition of the tei m “sickle cell anemia ” I 
cannot agree with those who state that sicklemia with anemia equals 
sickle cell anemia, as might be concluded fiom pieviously made 
definitions Much ciedit goes to Sy^denstncker, 6 Etninel, 4 Diggs and 
Bibb 10 and a number of other observers who clanfied to a considerable 
extent many aspects of this question 

In spite of this the question still remains highly controvei sial 
Dale 11 stated “Among those individuals whose blood shows a siclde- 

10 Diggs, L W, and Bibb, J The Erythrocyte in Sickle Cell Anemia, 
JAMA 112 695 (Feb 25) 1939 

11 Dale, G C Sickle-Cell Anemia, South J Med & Surg 99 14, 1937 



SURGICAL TREATMENT FOR CIRRHOSIS 

PROGNOSIS SUBSEQUENT TO OMENTOPEXY 

HORACE B CATES, MD 

LOS ANGELES 

During the last few years, a fairly large group of patients in the 
Los Angeles County Hospital who were found to have cirrhosis of 
the liver has been studied, and some of the results of the study have 
been published 1 A phase of the problem involved in the treatment of 
those patients who have ascites leads to a consideration of surgical 
proceduies Apparently there is considerable difference of opinion 
among both internists and surgeons concerning the value of omentopexy 
as a therapeutic measure for patients who have this condition It was 
considered worth while, therefore, to analyze the records of patients 
found to have cirrhosis and treated medically, giving special attention 
to the duration of their illness and to their life expectancy, and to 
compare these findings with those obtained from a study of the records 
of a similar group of patients who had received surgical treatment for 
ascites The records of 5 patients who had had omentopexy done were 
obtained from a private hospital, all others considered in this study 
were fiom the Los Angeles County Hospital Some recent concepts 
concerning physiologic changes related to disease of the livei and ascites 
are considered in the comment 

A brief resume of previous leports dealing with the results of 
surgical treatment of patients who had cirrhosis and ascites is in ordei 
The original suggestion of a surgical operation for the treatment of 
this condition was made by Talma 2 in 1898, but the fiist successful 
operation was performed m 1895 by Rutherford Monson, 3 whose patient 
lived two years following the operation In 1904 Monprofit 4 tabulated 

From the Department of Medicine of the University of Southern California 
School of Medicine and the Medical Service of the Los Angeles County Hospital 

1 Cates, H B Relation of Liver Function to Cirrhosis of the Liver and to 
Alcoholism, Arch Int Med 67 383-398 (Feb ) 1941 

2 Talma, S Chirurgische Offnung neuer Seitenbahnen fur das Blut der 
Vena porta, Berl khn Wchnschr 35 833, 1898 

3 Drummond, D , and Morison, R A Case of Ascites Due to Cirrhosis of 
Liver Cured by Operation, Brit M J 2 728, 1896 

4 Monprofit, A Traitement chirurgical de la cirrhose du foie, Presse med 
2 667-670, 1904, cited by White, S Surgical Treatment of Ascites Secondary to 
Vascular Cirrhosis of the Liver, Brit M J 2 1287-1296, 1906 
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the sickling trait m 910 white peisons studied m this series (9 cases 
leported in this aiticle aie not included) 

4 The sickling tiait is a condition found in the Negio race only, and 
the finding of such a trait m a member of anothei race indicates an 
admixture of Negro blood in the immediate or remote ancestry 

5 Of the 9 persons with the sickling trait in white families i eported 
on in this article, 4 are apparently the only persons of Spanish nationality 
and 5 the only persons of Geiman nationality evei leported in world 
literature as having this condition 

6 The use of moist prepaiations of the whole blood as a routine 
procedure m all cases and for patients of all races at the time when 
loutine blood counts are performed is recommended 

7 For the purpose of more detailed study of eiythiocytic variations 
m making all i outme blood counts my technic foi preparing blood smears 
is recommended 

8 Criteria for the diagnosis of the sickling trait in white persons 
are suggested 

9 Sickle cell anemia is a national public health pioblem, especially 
in the United States Intermarriages between Negroes and white 
persons directly endanger the white race by transmission of the sickling 
trait, as has been proved in 9 cases here presented Such intermarriages, 
theiefore, should be piohibited by federal law 

10 A consideration of the sickling tiait m medicolegal work is 
hereby proposed 

11 Of the 45 Negioes with the sickling tiait 5 4 pei cent of the 
females and 71 4 per cent of the males had an active sickle cell anemia 

12 In the fiist family reported in this article the motliei had trans- 
ferred the sicklemic trait to all her 3 children (to 1 m active form) In 
the second family the mother had transferred the sicklemic trait to all 
her 4 children (to 1 in active form) At the same time, the 3 sons 
inherited their father’s blood group (A) Grouping of the blood of baby 
sister Joyce was not available 
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syphilis, and gasti ointestmal hemouhage occuired in 37, in some 
instances as a terminal event Sixty weie jaundiced, and in 24 of these 
the icteiic index was more than 60, m 9 it was moie than 100 Ascites 
was piesent m 71, oi 60 per cent of the group Seium albumin and 
globulin weie detei mined in 75 patients The duiation of life fiom the 
advent of symptoms legarded as diagnostically impoitant, such as ascites, 
hemouhage and jaundice, was noted Other less relevant disturbances 
such as dianhea, loss of weight, peripheral neuntis and delirium 
tremens, symptoms complained of lepeatedly, weie disiegaided, as they 
aie not necessanly indicative of hepatic disease The rate at which 
patients died after the onset of hist symptoms definitely i elated to 
cn rhosis was as follows within one month, 26 , within two months, 42, 


Table 1 — Diuation of Illness of One Hunched and Seventeen Patients * ivith 
Cut hosts Tieatcd Without Omcntopeiy 


1 month 

2G 

1 2 months 

1G 

2 3 months 

9 

3 G months 

14 

G 9 months 

12 

9 months 1 year 

7 

1 2 j ears 

13 

2 3 years 

S 

3 4 years 

4 

4 5 years 

2 

3 G years 

2 

10 years and over 

o 


* The intervals represent the tune from onset of symptoms of cirrhosis until the patient’s 
death, or to the tune of ins last interview at the Los Angeles General Hospital 


and within tlnee months, 51, oi 44 pei cent of the group (table 1) 
Dui mg the fiist yeai, 84 died, dm mg the second yeai 15 and during 
the thud year 8 One hundred and seven, or 91 per cent of the gioup, 
died within three years of the onset of symptoms Two patients lived 
for ten yeais after the onset It is self evident that the type of patient 
with cu rhosis admitted to this institution has a pool piognosis How- 
ever, 40 per cent of this gioup weie fiee of ascites and m order to make 
a comparison with a gioup of patients on whom omentopexy was 
pei formed, only those having ascites should be selected The selection 
v as arbitral lly made as follows the records of consecutive patients 
who lived longei than one month following onset of symptoms and who 
had ascites at one time were analyzed as to duration of life or up to the 
tune when they were last mteiviewed This group compnsed 53 
patients At the second month 14 patients, oi 26 per cent, had dropped 
out, and at the end of one yeai 33, oi 62 per cent, either were dead or 
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the lepoits of 224 patients who had had the opeiation done and found 
that 84, oi 37 5 pei cent, of them had died within one month aftei the 
opeiation In 70 patients, 31 pei cent of the gioup, ascites subsequently 
disappeaied and hemonhage did not occur Results of the Talma- 
Morison operation on 47 patients -were repoited by W J Majo 5 6 m 
1924 as being good, but the repoit contains no follow-up studies of the 
condition of this gioup He consideied that relatively slight lisle was 
involved m the opeiation itself, but that ascites, hemonhage and fre- 
quently edema of the lowei exliemities of these patients made any 
surgical operation a veiy senous piocedure The lesults of suigical 
treatment of 26 patients weie lecoided by W Hughson, 0 who stated 
early m his skeptical review that a microscopic examination of a biopsy 
specimen of the liver is the only method by which an absolute diagnosis 
of cinhosis can be made during life He found the lecoul of but 1 
patient for whom the diagnosis had been made in this waj He con- 
cluded that surgical treatment of patients who have portal cinhosis 
and ascites is w ithout a alue He found no evidence which indicated that 
any particular age, sex race, penod of disease oi time of appeal ance 
of the ascites offeied any paiticulai hope of influence on the lesults 
that might be obtained by suigical treatment The average moitahty 
late attributed to the Talma-Monson operation by Noetzel 7 is from 
20 to 30 per cent and the number of cures 30 pei cent but the last 
statement is not suppoi ted by adequate follow -up records Grinnell 8 
tieated 23 patients by perfoiming omentopexy and found that 13 of 
them, 59 pei cent A\eie unimpioved Six patients, 30 pei cent of the 
total, died postopeiatively, and 2, 9 pei cent, AA r ere said to be fiee of 
symptoms 

Results of an anal) sis ot the hospital lecords of 117 consecutive 
patients whose condition had been diagnosed as cinhosis of the liver 
constitutes the basis ot the first poition of the present lepoit The 
diagnosis was confiimed m 50 of these patients by examination Avith 
the peritoneoscope Ninety-five, or 81 per cent, died, and of these 75 
came to autopsy TA\enty-two were alwe Avhen this study w as made 
Eighty-six Avere males and 31 Aveie females, and then ages langed fiom 
the first to the eighth decade According to seiologic tests 33 had 

5 Majo, W J The Surgical Treatment of Hepatic Cirrhoses, Ann Surg 
80 419-424 (Sept) 1924 

6 Hughson, W Portal Cirrhosis Avith Ascites and Its Surgical Treatment, 
4rch Surg 15 418-440 (Sept ) 1927 

7 Noetzel, W Zur Talma-Operation der Leberzirrhose, Arch f him 
Chir 112 153-156, 1919 

8 Grinnell, S Omentopexy in Portal Cirrhosis of the Liver with Ascites, 
4nn Surg 101 891-901 (March) 1935 
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After using this plan of management on a group of 112 patients, Snell 12 
reported that the average duration of life after treatment was started 
was about sixteen months 

The prognosis of these patients is improved by the use of a diet high 
m carbohydrate, supplying adequate protein and supplemented by 
vitamins After using such a regimen, Patek 13 reported the cases of 
4 patients whose general condition improved and whose ascites dis- 
appeared Since the publication of a report by Rich and Hamilton 14 I 
have been treating cirrhotic patients by giving large amounts of brewers’ 
yeast and liver extract parenterally, with promising results 

The histories of 2 patients who survived ten years after the onset 
of cirrhosis are incorporated 

REPORT OP CASES 

Case 1 — Histoiy — E P , a 65 year old white carpenter, was admitted to the 
hospital Oct 28, 1938 His first symptoms were noticed in 1928 At that time, 
after he had taken 49 pills for the treatment of arthritis painless jaundice developed 
and lasted five or six weeks He had no chills or fever but noted clay-colored 
stools His abdomen became extensively enlarged and remained so During the 
last two years, he had also been troubled by an inguinal hernia (on the right 
side) and an umbilical hernia and was admitted to the Los Angeles County Hos- 
pital for herniorrhaphy The past history revealed that he was treated for primary 
syphilis with mercury in 1900 He had drunk from 10 to 20 glasses of beer a 
day for twenty years, and had had an occasional glass of whisky, until 1935, three 
jears before his admission to the hospital 

Examination — Nothing unusual was seen about the head or neck The heart’s 
apex, while in the fifth interspace, was displaced to the anterior axillary line 
by subdiaphragmatic fluid A harsh systolic murmur was present over the fourth 
left intercostal space and was transmitted to the axilla The diastolic blood pressure 
was 135, the systolic pressure, 85 The lungs were essentially normal The 
abdomen was greatly distended, and the abdominal veins were dilated A “caput 
medusae” was noted A small umbilical hernia was present Shifting dulness 
and a fluid wave were demonstrable A large, painful inguinal hernia was present 
on the right side There was no edema of the extremities 

Laboiatoiy Tests — The blood count revealed 4,600 red cells per cubic milli- 
meter, with a hemoglobin concentration of 85 per cent (13 6 Gm ) The white 
cells count was 3,800, with a normal differential 

There was definite melituria, but no acetonuria The fasting blood sugar was 
121 mg per hundred cubic centimeters On Oct 31, 1938, his dextrose toleiance, 
after the ingestion of 2 Gm of dextrose per kilogram of body weight, was as 

12 Snell, A M Clinical Aspects of Portal Cirrhosis, Ann Int Med 5 338- 
357 (April) 1931 

13 Patek, A J Treatment of Alcoholic Cirihosis of the Liver with High 
Vitamin Therapy, Proc Soc Exper Biol & Med 37 329-330 (Nov ) 1937 

14 Rich, A R , and Hamilton, J D Experimental Production of Cirrhosis 
of the Liver by Means of Deficient Diet, Bull Johns Hospkms Hosp 66 185-198 
(March) 1940 
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no longer returned to the hospital for examination At the end of the 
second year, 6 patients had died and 3 were reported as still living — 
a total of 9 From two to ten years 6 patients had died and 5 remained 
alive (table 2) The following conclusions should be emphasized 
First the patient m whom ascites develops has, on the whole, a better 
prognosis than those who have hemorrhage or a deep jaundice without 
ascites, second, it is obvious that the longer the patient has ascites the 
more favorable is the prognosis, if energetic medical therapy can be 
initiated 

It might piove profitable to review the impiessions of other clinicians 
regai ding the prognosis of cirrhosis For instance, in 1892 White 0 
stated that in his experience he had never seen a cirrhotic patient with 
ascites who survived long enough for a second paracentesis to be per- 


Table 2 — Duration of Life of Patients Having Ascites and No Omentopexy 

Who Lived Ovci One Month 



Died 

Living 

1 2 months 

5 

1 

2 3 months 

G 

2 

3 0 months 

7 

3 

7 9 months 

5 

1 

10 12 months 

3 


1 2 years 

0 

3 

2 4 jears 

4 

3 

5 years 

1 

1 

10 jears 

1 

1 


foimed The average duration of life was only two months However, 
his contemporary, W B Cheadle, 10 saw 23 patients who had cirrhosis 
and ascites, of whom 4 recovered and 2 wei e m fair health one year after 
they were first observed The difference in results reported by these 
two observers might be explained by the fact that those of the second 
group who improved were induced to abstain entnely from alcohol 
It was Cheadle’s opinion that prompt relief of ascites by paiacentesis 
prolonged the lives of his patients 

Later the mercurial diuretics w r ere used m the treatment of this 
condition Rowntiee, Keith and Barrier 11 obtained encouraging results 
by the use of acetarsone, ammonium salts and a high carbohydrate diet 

9 White, W H The Cause and Prognosis of Ascites, Guy’s Hosp Rep 
49 1-42, 1892 

10 Cheadle, W B , in Discussion in the Prognosis and Treatment of Ascites, 
Brit M J 2 1102-1106, 1892 

11 Rowntree, L G , Keith, N M, and Barrier, C W Novasurol in the 
Treatment of Ascites in Hepatic Disease, J A M A 85 1187-1193 (Oct 17) 1925 
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Alcoholic hyalin cannot be definitely identified Theie is no fat in the livei 
cells (fig 1) The diagnosis is hyperplastic nodule in Laennec’s cirrhosis” 

On Nov 6, 1938 the patient’s daily intake of protamine zinc insulin was 
raised from 10 units to 20 units, and a diet containing 128 Gm of carbohydrate, 
63 Gm of protein and 80 Gm of fat was prescribed W ith this regimen his urine 
became free of sugai Paracentesis was repeated on Nov 27, 1938 Five liters 
of fluid was removed The patient steadily improved and was discharged from 
the hospital on Dec 9, 1938, with directions to have a truss made to support his 
inguinal hernia 



Fig 2 (case 2 [A B]) — Slide showing the dilated, bile-stained ducts, maiked 
periportal fibrosis and disturbed cellular structure of the lobules 


The patient’s initial injury was a severe hepatitis, probably due to cinchophen 
given for the treatment of arthritis He had discontinued drinking three years 
before his admission to this hospital The diagnosis of diabetes and the use of 
insulin therapy not onlj made the urine sugar free but were conducive to hepatic 
regeneration, ultimately freeing the patient of ascites 

Case 2 — History — A B, aged 34, was admitted to the hospital Nov 7, 1938 
He was born m Mesopotamia and came to the United States at the age of 22, 
in 1926 He stated that m 1928 he noticed a fulness and a dragging sensation in 
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follows first hout, 175 mg per hundred cubic centimeteis of blood, second hour, 
220 mg , third horn, 263 mg , fourth hour, 308 mg 

The result of an echinococcus cutaneous test made on Nov 1, 1938 v'as reported 
negative 

On Nov 8, 1938 a peritoneoscopic examination was carried out, and 4,000 cc 
of ascitic fluid w r as removed Dr John C Ruddock repoited as follow's “The 
peritoneal surface was clear The livei w'as small, shrunken and nodular 
The spleen w r as not recognized There was a large right inguinal hernia Con- 
clusion A.troplnc cirrhosis ” 



Fig 1 (case 1 [E P]) — Slide showing the increased periportal tissue and 
disturbance of cellular structure of the lobules 


The report on the biopsy of tissue from the liver w'as reported as follow's “The 
specimen consists of a small portion of liver tissue, measuring 4 bv 4 by 3 mm 
Microscopic examination (paraffin serial sections) reveals that the lobular anange- 
ment is considerably disturbed There is moderate increase in the periportal 
connectne tissue The liver cells are w r ell preserved for the most part Hyper- 
plasia of liver cells is evident in several areas One or tw r o small groups of 
necrotic lner cells are seen bordering the periportal connective tissue Theie is 
moderate round cell infiltration of the latter with no polj morphonuclear leukocr tes 
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moderateh infiltrated with round cells Many of the small bile ducts are plugged 
with bile There is no increase in fat The diagnosis is chronic biliary cirrhosis” 
(fig 2) 

Despite strenuous efforts m treatment the patient remained m a state of shock 
after the peritoneoscopic examination and died about eighteen hours later 

This patient’s condition was so critical as to force one to conclude that any 
form of surgical intervention was contraindicated There was marked elevation 
of the icterus index and of the total nonprotem nitrogen content of the blood 
The serum proteins were definitely reduced The sedatives employed are stnergistic 
and must be detoxified by the liver The operation was prolonged, and we now 
question whether saline solution given intravenously is actually of benefit m com- 
bating shock in this type of disease 

The total number of patients with ascites (table 3) who were treated 
by surgical methods was 38 The majority of them were 40 to 60 


Table 3 — Peifmcnt Data Concerning Ascitic Patients Subjected to Omentopexy 


lotal number of cases (30 males, 8 females) 



33 

Total number of patients with alcoholism 



21 

Total number of positive Wassermann reactions 



13 

Total number having jaundice 



21 

Total number of hemorrhages 



2 

Peritoneoscopic examinations 



24 

Decades of life 2nd 3rd 

4th 

5th 

6th 

3 5 

12 

13 

" "A 

5 

^Number of patients recorded as living 


10 


dumber of patients recorded as dead 


23 


Postoperative deaths, two weeks 


16 (42 per cent) 


years old Twenty-one of this group gave a definite history of alcohol- 
ism, but it is our belief that the number of patients with alcoholism 
was actually highei Thirteen showed serologic evidence of syphilis 
The incidence of hemorrhage among the group selected by the surgeons 
was remarkably low, there being only 2 cases, although 21 patients at 
some time were jaundiced to some degree Peritoneoscopic examina- 
tions were made on 24, and on several biopsies of the liver were done at 
the same time Twenty-eight of those patients are known to be dead 
Sixteen, or 42 per cent of the group, died within two weeks after having 
been operated on Of the remaining 12 patients, 10 had died within 
six months subsequent to the operation, making a total of 68 per cent of 
the entire series of patients Of the 10 remaining patients, 6 are known 
to have been alive 6 months after operation One lived 3 }ears and 11 
months For more complete details regarding these patients, particularly 
regarding the laboratory work which was done, together with the data 
compiled subsequent to surgical intervention refer to table 4 
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the abdomen and felt a mass in the upper portion of the abdomen One year 
after the onset he became increasingly yellow and turned veiy dark after exposure 
to sunshine The abdominal distention was so distressing that splenectomy was 
performed in May 1930 His relief was of brief duration, and he was told that 
his liver was also enlarged In 1931 he intentionally lost 20 pounds (9 Kg ) by 
using a special diet, and later he could not recover his former weight He 
complained of nocturia, with urination three or four times a night, for five years 
until four months before his admission to the hospital His gums had bled at 
intervals during the last year The past history was uneventful except for measles 
and dysentery for one week while a childi He had frequent sore throats He 
said he had not had any venereal disease and had never used alcoholic beverages 

Physical Examination — Examination revealed a moderately emaciated man with 
deeply pigmented skin The temperature was 99 2 F The pulse rate was 88 
and the respiratory rate 20 per minute There w'as intense icterus of the scleras 
The teeth were poor, and there was retraction of the gums A tew pinpoint 
hemorrhagic areas were seen There v'as slight bulging of the lower part of 
the right costal margin Excursion of the chest w'as poor, and crepitant rales 
v'ere heard over the base of the right lung The systolic blood pressure w'as 
104 and the diastolic blood pressure 78 The apical impulse of the heart was visible 
in the fifth interspace at the midclavicular line, and a thrill w'as palpated at this 
point The mitral first sounds v'ere roughened There v'ere no cardiac murmurs 
The abdomen was moderately distended There was a nndepigastric surgical scar, 
and amber fluid oozed from a paracentesis wound in the hypogastrium Dulness 
was present m both flanks below the level of the umbilicus The h\er was 
palpable 4 cm below' the right costal sternal edge, firm and smooth and not 
tender to pressure There w'as moderate scrotal edema 

Laboiatoiy Tests — The hemoglobin concentration was 68 per cent The white 
blood cell count was 13,500, with normal distribution The urine gave a 3 plus 
reaction for urobilinogen and the stool a 1 plus reaction The fasting sugar content 
of the blood was 61 mg per hundred cubic centimeters, the nonprotein nitrogen 
content 61 mg and the cholesterol content 143 mg The serum albumin content 
was 1 4 per cent cent and the serum globulin content 3 8 per cent The icterus 
index w'as 100 units The quantitative van den Bergh test indicated 11 mg of 
bilirubin per hundred cubic centimeters of blood The Wasscrmann reaction 
of the blood was negative 

Peritoneoscopic examination was done on November 10 Soluble pentobarbital 
U S P (pentobarbital sodium) and morphine were administered preoperatively 
Fifty-five hundred cubic centimeters of bile-stained fluid w'as remoied Dr John 
C Ruddock reported as follows “All peritoneal surfaces are clear The liver 
is browmish, small, sharp edged and irregular in shape, with multiple black nodules 
The edge is curled up, and the left lobe is adherent to the diaphragm with adhesions 
which are continuous beneath the midline abdominal scar The gallbladder is 
distended ” Dr Ernest Hall reported on a biopsy of tissue from the liver as 
follows “The specimen consists of tissue from the liver measuring 5 mm in 
diameter Microscopic examination shows a notable disturbance of the normal 
architecture with considerable fibrosis about the periportal spaces, this being 
especially apparent about the interlobular bile ducts Dense bands of fibrous tissue 
separate the liver cells into nodules of varying size Some of the nodules are 
lnperplastic Many of the liver cells are bile stained The fibrous tissue is 



Subjected to Omentopexy 


Other Tests 

7 / 22 / 35 , microscopic e\ 
animation, extensive 
cirrhosis, portal tjpe, 
v> ith f attj changes 

Operation, 

Date and 

Description 

7/22/35, In or hard, 
scleiotic, not tjpically 
hobnailed, omentum 
sutured to posterior 
sheath of right rectus 

Duration of 
Life After 
Operation 

1 day 

Peritoneoscopic Contnbutorj 
Ivxamination Factors 

7/G/35 liver 
nodular, pos 
siblc sjphilitic 
cirrhosis 

Autopsy 

7/22/35 Died, 
no autopsy 

S/17/3S, galactose tolci 
ante, 1 4 Gm 

10/7/38, omentum split, 
placed on both sides of 
incision beneath rectus 
muscles 

2 dajs 


10/9/38 Died, 
no autopsj 

9/14/39, biopsj Ijmpho 
cjtes, + + , polymorpho 
nuclears ++, fat, -M-, 
necrosis, subacute 

alcoholism, cirrhosis 

10/9/39, omenlopcxj , 
cholecjstcctomy no 
gallstones, omentum 
spread under surface 
of recti 

2 dajs 

9/14/39, early 
cirrhosis 

10/11/39 Died, 
no autopsy 

C/17/35, hemoglobin 

72%, red blood cells, 
2,900,000, white blood 
cells, 28,000 

7/8/35, cirrhosis of liver, 3 days (chole 

microscopic section, ejstectomj, 

omentum placed under gastric diln 

right rectus muscle tation, acute 

spleen 3 times normal size ileus, secondary) 
duration 1 hr 10 min , 

14 grain (0 015 Gm ) mor 
phine sulfate, 1 cc dial 
and ethylene 

0/29/35, Iner 
essentiallj nor 
mal, micio=eopic 
ally, multiple 
hepatic adenoma 

7/11/35 Died, 
no autopsy 

5/31/34, microscopic e\ 
amination, extensive 
neeiotic and fatty 
changes, inflamed and 
fibrous proliferation 

5/31/34, preoperatnc diag 
nosis, possible carcinoma 
of head of pancreas or 
cirrhosis, pancreas nor 
mal, omentopexy, omen 
turn spread between fascia 
and subcutaneous fat 

3 dajs 

Malaria 20 
jenrs previ 
ously 

0/3/34 Died, 
no autopsj 


8/21/37, liver model ately 
enlarged, spleen 4 times 
normal size, omentum 
between peritoneum 
and muscle 

4 dajs 

S/7/.A, advanced 
cirrhosis, liver 
very small, 
rough, nodular 

8/25/37 Died, 
no autopsy 


7/21/38 (H G S), pre 
operative diagnosis, 
obstructive jaundice or 
biliary cirrhosis, post- 
operative diagnosis, cir 
rhosis of liver, splenec 
tomy and omentopexy, 
pantopon,! nitrous oxide 
and ethylene anesthesia 
duration 1 hr 15 min 

4 daj's 


7/25/38 Died 


5/8/30, omentopexy, 

In er nodular, hard and 
small, ether 150 Gm , op 
oration lasted 1 hr 10 min 

0 dajs 
(H G S ) 


5/13/30 Died 

2/12/38, Takata Ara rcac 
non negative, 2/15/3S, 
Takata Ara reaction + 

4/19/38 liver about % 
normal size, spleen 3 times 
normal size, omentum 
placed under reetus muscle 

5 daj’s 

4/10/38, liver 
small, shrunken, 
atrophic cir 
lbosis 

4/24/38 Died, 
hver 1,400 Gm , 
spleen 850 Gm , 
cirrhosis 
severe, ana- 
tomic evidence 
of collateral 
circulation 


1/15/38, small hobnailed 
liver, anterior surface of 
liver traumatized, omen 
turn placed between pos 
terior and anterior sheath 
of rectus muscle 

0 days 

11/4/37, atrophic 
cirrhosis 

1/21/38 Died 


11/29/40 (H G S ) , omen 
topexy, liver aspirated, 
liver small, nodular, 
spinal anesthesia, opera 
tion lasted 1 hr 20 mm 

1 week 


11/20/40 Died 
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Table 4 — Data on Patients 


Wasscr 

mann 

Pa Reac Aico 

tient Sex 4ge tion * holism 

1 Y 41 0 Ale 


Date and 
Onset 


Icteric Index and 

Protein, 

Gm per 100 Cc 

Jl 

t 

Before 


Yan den Bergh 

Albu Glob 

Vdmlssion 

Ascites 

Reaction 

min uhn 

0/28/35 lweek. 

+ 

Jaundice, 7/2/33, 


ascites 


53 units, 5 mg 



2 \[ 52 0 


41c 8/10/3S, 1% j ears, 

ascites 


S/13/3S, 38 units 

8/13/38 

8/17/38, 30 units, 

2 33 

8/24/38, 20 units, 

S/17/3S 

9/ 0/38, 31 units 

2 29 

9/17/38, 27 units, 

9/17/38 

9/24/38, 33 units 

19 38 

9/24/3S 

1 75 2 5 


S F 25 4- Vic (1 2 9/10/39 1 month, -r 9/12/39, 20 units 

glasses of ascites 

beer dailj ) 


4 M 20 0 


41c not 0/15/35 4 weeks 
heavj 


G/20/35, 19 units, 
1 2 mg 


5 M 53 0 41c 


5/7/34 3 weeks 


0 5/7/34, 100 units, 

17 5 mg 


6 M 67 0 41c 7/24/37 , 8 months + 7/25/37, 20 units o ^ 7/25/37^ ^ 


7 m 55 + + + 7/1/3S 7 months 0 liters 0/29/38, 00 units, 

4 mg , 

7/ 4/38 52 units 
7/ 7/ IS 02 units, 
7/18/38, 73 units 


8 M 50 0 


3/1S/30, 3 weeks + 3/29/30, 0 units 


9 M 32 0 No ale 


2/11/38 1 month 

+ 

2/21/38, 10 units, 

2/15/3S 

before ascites 


i / 7/38, 7 units 

2 S 

3/7/38 

3 OS 


10 II 41 0 


Ale ? S/28/37 4 peeks ++ + + 11/2/37, 10 units 

10/2G/37, admission 


11 M 46 0 Ale 10/20/40, 3 jears, 3 jears 

ascites 


Hemor 

rhage 

0 


0 


0 


1 


0 


+ 


0 


Epistaxis 
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Subjected to Omentopexy — Continued 


Othei lests 

u/2 1/40, biopsy, necrosis 
evidence of alcohol 
i«m, hyalin and chronic 
cirrhosis, 3/4/40, choles 
terol, 17G mg , 38% esters 
3/31/40, prothrombin 20% 

Operation, 

Date and 
Description 

3/27/40, operation time 

69 min , omentopexy, 
cyclopropane, omentum 
laid triangularly beneath 
rectus fascia 

Duration of 
Life After 
Operation 

1 week 

Peritoneoscopic 

Examination 

3/20/40, nod 
ular, pale, 
irregular liver, 
advanced 
cirrhosis 

Contributoij 

Factors Autopsi 

4/4/40 Died 
liver 1,890 Gm 
spleen 530 Gm 
3,000 cc fluid 
generalized 
peritonitis 
Laennec’s 
cirrhosis 

Hemoglobin, 73%, red 
blood eolh 3 000,000 

6/3/35, transverse inci 
sion, omentum in split 
muscles and over perito 
neum, spleen not 
removed 

9 da\s 

5/18/35, Banti’s 
disease, 
strongest 
possibility 


6/12/35 Died 
liver 950 Gm 
spleen 1,050 

Gm , splenic 
vein incompletely 
filled with old 
antemortem 
thrombus, diag 
nosis portal 
phlebosclerosis 
and chronic con 
gestive splenomeg 
aly and early 
hepatic cirrhosis 
portal thrombosis 
and hepatic 
necrosis 


V28/37, omentopexy 

2 weeks 

3/20/37, small 
shrunken, 
fibrous, gran 
ular liver, 
atrophic 
cirrhosis 


4/7/37 Died 
no nutopsa 


1/7/35 (H G S ), omen 
topexy, preoperative 
diagnosis, chronic chole 
cystitis, liver twice nor 
mal size, acute hepatitis, 
minimal ascites, opera 
tion lasted 29 min 

2 weeks 



1/21/35 Died 
no autopsy 


9/10/38, liver smaller 
than normal, liver trau 
matized, omentum at- 
tached to peritoneum, 
ether and cyclopropane, 
operation lasted 1% hr 

2 weeks 

S/25/38, small, 
rough, hobnailed 
liver, atrophic 
cirrhosis 

9/26/38 Died 
no autopsy 

10/20/39, cholesterol, 03 
mg , 39% esters, pro 
thrombin 32%, 11/20/39, 
prothrombin normal 
,/25/39, cholesterol, 

172 mg , 35% esters 

2/2/39, hobnailed, 
markedly shrunken 
liver, dome of liver 
scarified, omentum 
sutured in muscle and 
fascia 

4 months 

11/2/39, cir 
rhosis, liver 
normal size, 
but small 
nodules, 

12/21/39 char 
acteristics 
of advanced 
cirrhosis 

Typhoid, 4/2/40 Died 

11/3/39, biopsy liver 1,500 Gm 
lymphocytes + , spleen 350 Gm 
necrotic cells + , portal cir- 

slight fat, Cvi rhosis with 

dence of alco hemorrhage 

holism, hyalin fromesopha 
++, chronic geal vein 

cirrhosis 


2/24/39, marked cirrho 
sis, omentum attached 
posterior to rectus muscle 

7 months 

10/1/38, ascitic, 
nodular, rough 
and granular 
liver, atrophic 
cirrhosis with 
numerous areas 
of regeneration 


10/9/39 Died 
no nitop=\ 


8/10/34, liver somewhat 
shrunken, left rectus 
incision peritoneum 
sutured beneath muscle 
and subcutaneous tissue 

3 \ears, 

8 months 

8/6/34, atrophic 
hobnailed liver 


4/14/37 Died 
liver 800 Gm 
spleen 600 Gm 
atrophic cir 
rhosis and 
arteriosclerotic 
heart disease 


4/29/36, liver shrunken 
to % normal size, nodu 
lar, hard, some adhesions 
at dome of diaphragm, 
surfaces of liver rough 
ened, omentum sutured 
to anterior abdominal 
peritoneum 

7 weeks 

4/18/36, atrophic 
cirrhosis, gran 
ular, irregular 
wrinkled liver 

6/20/36 Died 
no autopsy 



Table 4 — Data on Patients 


Wasser 

mnnn 

Pa- Rene 

tlent Sex Age tion * 

12 M 41 + 


Date and 
Onset 

Alco Before 

holism Admission 

2/27/40, 2 w eoks 


Icterle Index and 
Van den Bergh 
Aseltcs Reaction 

-f- 4/3/40, 95 units 


Protein, 

Gm per 100 Cc 

l 

Albu Glob Hemor 

min ulln rhage 

2/27/40, total 
protein G 7 Gm 


Ale (1 gal 
wine per week 
and whisk}) 


13 Af 44 0 Ale ? 2 months, ascites -a Ao jaundice 

before admission, 

3/13/35 


0 


14 M 54 + 


2/3/37, G weeks 


2/17/37, 9 units 2/17/37 

2 2S 2 9 


15 M 47 0 Ale 12/30/34, incidental 

Illness 


16 M 48 + lie 8/19/3S 4 weeks 


8/21 /oS, 3G units 


17 M 30 0 Ale (1 gal 10/14/39, 1 montli + 10/11/39, 40 units, 

beer per week) jaundice, 3/25/39, 

11 units 


18 M 55 + Ale 9/10/38, 1 month - 9/28/„S, 12 units 11/18/38 

2 9 o 


19 M 07 ? 7/14/34, G months, + 3/25/37, 9 units 

ascites, 2/6/37, 12/17/34, 

entered hospital 20 taps, 

Preoperutire, 
patient home until 
2/G/37 , 3/20/37, ascites 
recurred and 
patient in coma 

20 F 49 0 Ale, light 4/9/3G, 0 months + 4/9/3G, 7 1 units 

(before ascites) 


215 


3/25/3 


22 
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Subjected to Omentopexy — Continued 


Other Tests 

Operation, 

Date and 

Description 

1/9/37, liver unusually 
large, not hobnailed, 
rather roughened, omen 
turn sutured to anterior 
peritoneum posterior 
to muscle 

Duration of 
Life After 
Oneration 

5 months 

Pentoneoscopic Contributory 

Examination Factors Autopsy 

2/9/37, para- 6/8/37 Died, 

centesis, no autopsy 

2/16/37, 4,500 CC , 

3/8/37, 2,500 CC 


4/12/32, hobnailed liver, 
spleen enlarged, omentum 
sutured outside pento 
neum 

2 months 


6/12/32 Died, 
no autopsy 


6/6/34, liver hobnailed, 
portal cirrhosis, omen 
turn brought through 
peritoneum and laid 
laterally on it 

6 months 


12/17/34 Died, 
jaundice grade 
3, hobnailed 
liver, grade 3 
spleen, grade 3 
chronic cirrho 
sis with ascites 
and jaundice, 
coroner’s case 

Bromsulphalein excretion, 
27%, galactose tolerance 
test, no galactosurla 

8/16/38 (H G S ). omen 
topexy duration 30 
min , spinal anesthesia 

10 weeks 


10/3/38 Died 

exploratory 

laparotomy, 

ascites 6 liters 

no pathologic 

condition 

found 


5/26/38 omentopexy, 
omentum placed beneath 
rectus sheath in fan 
shaped arrangement, 
nuperoaine, local and 
spinal anesthesia 

1 month 

10 days 

5/12/38, irregu Tropical 
lar, nodular, dysentery 

flbrotic liver, 
capsule thickened, 

Laennec’s 
cirrhosis and 
ascites 

7/6/38 Died 
heart 250 Gm , 
no syphilitic 
heart disease, 
omentum, many 
small vessels 
traversing 
anastomosis, par 
letal peritoneum 
liver 1,000 Gm , 
spleen 250 Gm , 
atrophic cirrhosis, 
anasarca, sub 
acute peritonitis 


10/6/38, Mayo omento 
pexy, omentum laid pos 
terior to rectal fascia, in 
fan shaped arrangement, 
ether, ethyl chloride 
anesthesia 

Unimproved 

paracentesis 

repeated, 

4 months 

7/30/38, ad 
vanced cirrhosis, 
liver small, 
nodular 

2/11/39 Died 
no autopsy 


3/14/38, liver, small, 
atrophic, omentum spread 
over right rectus sheath 
into subcutaneous fat, 
cyclopropane, operation 
lasted 44 mm 

7/21/38, not 
improved, 

3 months 

2/29/38, atrophic 
cirrhosis, liver 
small, wrinkled 

7/25/38 Died 
no autopsy 

9/15/38, cholesterol, 

177 mg , G0% esters 

9/30/38, liver hobnailed 
ascites, dome roughened, 
omentum sutured m rectus 
and subcutaneous tissue, 
operating time 1 hr , local 
anesthesia, procaine 
hydrochloride 

2 months 


1/13/39 Died 
coroner, 
chronic hepatic 
cirrhosis 

9/29/39, microscopic 
biopsy, occasional necrotic 
cells, evidence of alco 
holism, hyalin ±, chronic 
cirrhosis 

10/6/39, omentum 

1 sutured to edges of 
peritoneum 

12/22/39, no 
ascites for 

7 weeks since 
operation, 
12/22/39, last 
heard from 

9/28/39, hob 
nailed liver, 
chronic cirrhosis 
and ascites 
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Table 4 — Data on Patients 


Wasser 

mann 

Pa- Eeac- Alco 

tlent Sex Age tion * holism 

21 M 47 0 Ale 


22 M 68 0 Ale ? 


Date and 



Protein, 
Gm per 100 Cc 

Onset 


Icteric Index and 

A 

Before 


Van den Bergh 

' Albu Glob 

Admission 

Ascites 

Reaction 

min ulin 

8/20/35, 2 weeks 

+ 

8/20/35, 20 units. 

8/20/35 

recurring 

8/22/35, 20 units, 

3 4 18 


ascites 

8/24/35, 10 units, 
8/28/35, 9 units, 

9/ 8/35, 75 units, 
9/12/35, 87 units, 
9/24/35, 8 8 units 

8/28/35 

28 16 

8/31/35 

29 21 

9/8/35 

3 5 21 

9/14/35 

28 21 

9/24/35 

28 18 

8/20/30 

33 23 

3/10/37 

29 21 

4/14/32, 12 months, 
ascites before 

+ 

0 



23 M 54 + Ale (wine) 5/2/34 C days C das s, jaundice, 

before 5/22/34, 80 units, 

6 mg , 

5/2/34, 200 units 


24 P 48 


8/7/38, ascites, 
2 months 


8/0/38,11 units 8/10/38 

25 30 


25 M 54 ++++ Ale 6/3/38, 0 weeks + 5/4/38, 15 7 units 5/4/38, 1 10 Gm 

before total protein 

5/4/38 

2 20 

0/19/38 
22 38 


26 M 39 + Ale 7/24/38, 6 months 


7/26/38, 14 8 units 


8/3/38, total 
protein 5 8 Gm 


27 M 53 0 Ale 2/12/38 6 days + 


28 F 62 


10/20/37, 6 years 

+ 

12/22/37, 10 units 
9/15/30, 60 units, 
1/11/39, 37 units 

12/22/37 
31 3 

2/7/38 
27 3 

9/15/38 
34 3 

29 M 48 

0 Ale 

(whisky dally) 

9/25/39, 5 months 

+ 

10/2/39, brom 
sulphnlein e\cie 
tion 40%, hippuric 
acid test, 2 2 Gm , 
9/30/39, 5 units 

9/29/39 

•to O 

9/26/39 

2 2 


Hemor 

rhage 


0 


0 
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Subjected to Omentopevy — Continued 


Other Tests 

Operation, 

Date and 
Description 

Duration of 

Life After Peritoneoscopic 

Operation Examination 

Contributory 

Factors Autopsy 

2/15/40, Takata Ara reac 
tlon + 

4/4/40, liver smooth, 
slightly enlarged, omen 
turn attached to posterior 
surface of rectus muscles 

12/27/40, still 
alive, appar 
cntly well 


11/22/40, ventral 
hernia 


4/9/37, trauma of dome 
of liver, omentum 
sutured to subcutaneous 
tissue of abdomen 

5/15/40, light 
work, 8/19/40, 
patient still 
alive and in 
jail 

8/24/35, 

atrophic 

cirrhosis 

Tuberculosis 
moderately ad 
vanced, bilateral, 
chronic, 10/18/35, 
from 10/7/36 to 

3/26/37 patient had 

43 injections of 
salyrgan, from 

5/5/37 to 10/7/37 
had 32 injections 
of mersalyl 


10/10/36, omentum laid 
on anterior surface of 
parietal peritoneum 

3/1/38, still 
alive, 17 
months 

8/22/36, 

atrophic 

cirrhosis 

Malaria therapy, 

5/7/36, for syphilis 
of central nervous 
system, 2/15/37, 
paracentesis of 
abdomen, 2,290 cc 
in to to, thoracen 
tesis, 1,960 cc , 

12/26/36, abdominal 
fluid disappeared 
hydrothorax oc 
curred after 
operation 


4/14/34, hepar lobatum, 
left rectus incision, omen 
turn placed beneath rectus 
muscle and remainder 
under subcutaneous tissue 

>>o return 
if ter dis 
charge, 4/30/34 

2/17/34 mulig 
nant mass 
involving gall 
bladder and 
liver 


i/10/o4, microscopic 
section, mild grade of 
cirrhosis 

5/10/34, omentum spread 
between muscle and 
fascia of abdomen 

5/13/36, still 
alive with 
incisional her 
nia, still has 
ascites, 2 years 

4/27/34, cir- 
rhosis, 

atrophic liver 



7/5/34, liver small, hard, 
nodular and granular, 
omentum attached to 
•interior parietal pento 
neum, spinal anesthesia 
liver 6 times normal size 
surface dome of liver 
traumatized 

9/19/34, dis 
charged to 
county farm 

4/7/34, cir 
rhosis, liver 
atrophic 

Paracentesis 
repeated after 
operation 

7/26/39, total protein, 7 4 
Gm , 12/12/39, total pro 
tein, 6 7 Gm , 10/27/39, 
cholesterol, 135 mg , 

35% enters 

11/1/39, omentum e\ten 
sively adherent beneath 
wound in upper part of 
abdomen, which caused 
considerable hemorrhage 
when abdomen was 
opened, large plaque of 
omentum placed under 
medial rectus flap, opera 
tion lasted 1 hr , procaine 
hydrochloride spinal 
anesthesia 

1/4/40, still 
alive, 2 months, 
no very definite 
effect from omen 
topexy, 1/12/40, 
discharged 



5/20/38, preoperative diag 
nosis, bleeding gastric 
lesion, postoperative 
diagnosis, hemorrhage 
from esophageal vance= 

500 cc ascitic fluid, liver 

14 normal size, omentum 
sutured to inferior 
rectus sheath, ether 

12/19/39, last 
heard of, 

18 months 



12/31/ 7 1 ik it i \ia reac 

tIOll — 

9/26/3S, omentopexj 
preoperative diagnosis 
cirrhosis and ascites 

0/2/o9, still 
due, 1 jear 

4/21/3S, pen 
hepatitis, cap- 
sular cirrhosis 
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Table 4 — Data on Patients 


Pa 

tient 

30 


Se\ 

F 


Wasser 
mann 
Reae 
4ge tion * 

2S 0 


4Ico 

holism 

No ale 


Date and 
Onset 
Before 
Admission 

1/29/40, 1 sear 


\=cites 

+ 


Icteric Index and 
Van den Bergh 
Reaction 


Protein, 

Gm per 100 Cc 
< 


Albu 

min 


Giob 

ulin 


Hemor 

rlnge 


31 


M 32 


41c 


7/2/35 1 month 


7/D/35, 5 5 units 


7/9/35, total 
protein 7 2 G 111 


32 M 57 


Ale ? 8/19/30, month<- 

jaundice before 


+ 

0/ 0/30, 20 units 


3/12/o7 
25 38 

2/17/37 

OO O > 

1/28/37° ' 

o r 

12/10/36 
19 3 " 

12 / >/ 0 
2 1 21 


33 T 61 


2/2/34 4 month' 
before 


2/2/34, 12 units 


34 M >1 


41c 


4/21/J4 3 months 
before 


4/21/34 , 20 units 


3d r 40 -r Nolle 4/4/34, 0 months 

ascites 


4/4/34, 10 5 unit' 


30 M 55 


41c 


7/25/39 1 month 


lepeuted 
taps since 
onset 


10/27/39 
2 1 19 


12/D/59 

hemor 

rbage 

repented 


38 F 35 0 Ale for 12/5/37, 9 months, 11/10/38 12/9/37, 20 units 12/21/37 

15 years before operation 2/ 7/38, 5 units 2 2 2 9 

12/23/37 
25 27 

2/7/3S 
21 2 


37 F 04 + Ale 7 4/20/38, bematc + 

mesis, 1 dij 


* In this column, 0 indicates negative reaction 
t Pantopon is a mixture of hydrochlorides of opium alkaloids 
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protein leseives and depressed plasma protein These fluctuations in 
volume aie considerable For instance, Lepore 10c estimated a dog 
having plasma albumin of 3 82 Gm per hundred cubic centimeters to 
have a blood volume of 1,414 cc The plasma albumin was reduced to 
2 14 Gm , and the existing blood volume was changed to 1,073 cc He 
found a rathei constant and direct relationship between the plasma 
albumin concentration and the plasma volume 

In then studies of secondaiy traumatic shock, Gassei, Eilanger and 
Meek 20 stated that diminished blood volume is the only constant factoi 
tending toward failure of circulation Roome, Keith and Phenuster 21 
found deci eased blood volume when the blood pressuie was loweied by 
hemonhage, trauma to the extiemities oi manipulation of the intestines 
Undei these conditions, with the associated diminished cnculating blood 
volume, the experimental animal is less likely to survive another hemoi- 
lhage oi opeiation than to survive othei cucumstances m which the 
blood piessure is depressed by shock to a similar degree 

Blalock 22 stated that when lapid hemoirhage occuis theie is a 
diminution m the circulating blood volume, but that because of vaso- 
constriction the blood pi essure is unaltered If the hemorrhage continues 
the blood piessuie diops m spite of vasoconstriction Later Mmot and 
Blalock 23 defined shock as a condition due to penpheral vascular failuie 
lesultmg fiom a discrepancy between the size of the vascular bed and 
the \ olume of cu culating blood 

It is maintained that when the plasma proteins, more specifically 
the albuminous fi action, are reduced to a cntical level, edema and a 
decrease m the cu culating blood volume l esult, and these changes account 
m part foi the high death rate following omentopexy 

Soides and paiched tongue are common both m malnutntion and m 
advanced curhosis Evans and Shulman 24 caution against giving par- 
enteially large amounts of saline fluids to malnourished patients On 
account of their hypoprotememia theie is also a disturbance of capillary 
and exti acellulai osmotic equilibrium, so that anasarca develops and they 
have fatal pulmonaiy edema or eclamptic-hke convulsions However, 
in those instances in which cirrhosis and ascites are piesent, the lecom- 

20 Gasser, H S , Erlanger, J , and Meek, W J Studies in Secondary 
Traumatic Shock, Am J Physiol 50 31-53 (Oct ) 1919 

21 Roome, N W , Keith, W S , and Phemister, D B Experimental Shock, 
Surg , Gynec & Obst 56 161-168 (Feb ) 1933 

22 Blalock, A Shock Further Studies with Particular Reference to the Effects 
of Hemorrhage, Arch Surg 29 837-857 (Nov ) 1934 

23 Mmot, A S , and Blalock, A Plasma Loss in Severe Dehydration, Shock 
and Other Conditions as Affected by Therapy, Ann Surg 112 557-567 (Oct ) 1940 

24 Evans, J A , and Shulman, H On Danger of Forcing Fluids in Mal- 
nutrition Am J M Sc 199 237-246 (Feb ) 1940 
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COMMENT 

Although the postoperative mortality rate of this group of patients 
on whom omentopexy was performed is high, it is not collect to 
maintain that either the skill of the surgeon 01 the subsequent caie of 
the patient was inferior to that of thirty yeais ago Competent surgeons 
did these omentopexies The problem involved laises the following 
questions Can any form of surgical treatment greatly benefit these 
patients ? Can the disturbance of physiologic function be corrected by 
mechanical intervention ? Aie the alterations in the geneial physiologic 
status of these patients lesponsible for the high operative mortality, and 
if so, how and to what degree can physiologic balance be restored by 
pi eoperative management ? 

The diminution of the seium pioteins found in patients who have 
cirrhosis is responsible for impoitant physiologic readjustments Tumen 
and Bockus 15 concluded that hypoalbummemia was the most constant 
alteration of the serum proteins This condition was found at one time 
or another m all of then patients who had chronic, advanced disease of 
the liver Myers and Keefer 10 found a deficiency of total serum protein 
m 16 patients, and the decrease in albumin was most pronounced By 
repeating plasmapheiesis on dogs until edema appeared, Weech, Goet- 
tsch and Reeves 1T found that their plasma albumin values were below 
normal They noted that ascites was invariably present after repeated 
plasmapheresis, but that edema of the extremities was less intense than 
when the dogs were subjected to low protein nutntional experiments 
Melnick and Cowgill 18 found that the dog, even when subjected to pro- 
longed intensive plasmaphei esis for sixteen weeks, shows no impairment 
of its ability to regenerate plasma proteins This restorative facility, how- 
ever, is injured in cirrhosis Myers and Keefer 10 gave their 4 ascitic 
patients diets with a high protein content (100 to 300 Gm daily) without 
success in increasing their levels of blood protein Investigators 19 pointed 
out that there is a i educed blood volume coexistent with the depleted 

15 Tumen, H , and Bockus, H L The Clinical Significance of Serum Pro- 
teins in Hepatic Diseases, Am J M Sc 193 788-800 (June) 1937 

16 Myers, W K , and Keefer, C S Relation of Plasma Proteins to Ascites 
and Edema in Cirrhosis of the Liver, Arch Int Med 55 349-359 (March) 1935 

17 Weech, A A , Goettsch, E , and Reeves, E B Nutritional Edema in 
the Dog, J Exper Med 61 717-734 (May) 1935 

18 Melnick, D , and Cowgill, G R The Influence of Prolonged Intensive 
Plasmapheresis upon the Ability of the Organism to Regenerate Serum Protein, 
J Exper Med 66 493-508 (Oct ) 1937 

19 (a) Chang, H C Plasma Protein and Blood Volume, Proc Soc Exper 

Biol & Med 29 829-832 (April) 1932 (b) Melnick, D , and Cowgill, G R 

The Serum Protein Complex as a Factor m Regulating Blood Volume, ibid 35 
312-314 (Nov) 1936 ( c ) Lepore, J Relation of Plasma Volume to Plasma 
Protein Concentration, ibid 30 268-269 (Dec ) 1932 
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The high mortality late of the patients who were operated on can be 
ascnbed to undernutrition It was emphasized that they are moie sus- 
ceptible to shock, that edema of the gastrointestinal organs predispose^ 
to tympanites because of decreased peiistalsis and that, in addition then 
vui gical wounds will not heal normally 

There is, however, another aspect of the condition of patients ha\mg 
ui rhosis and ascites which contraindicates operation Anesthesia induced 
In one drug or anothei naturally is used Adriam 01 states that anes- 
thetics aie detoxified primal lly by the hvei, although the kidne) and 
other tissues play lessei roles Nevertheless, the surgeon is prone to 
neglect this important fact, feeling secure in the idea that the newei 
technics of anesthesia aie so superioi that there is now but a minimal 
1 isk 

Mousel and Lundy 32 concluded that, with the possible exception of 
baibital and phenobarbital, all other hypnotics should be administered 
with caution A case is cited, in which afterward the condition w 7 as 
diagnosed as far advanced cirihosis of the livei, 111 which pentothal 
sodium was administered to the patient before pentoneoscopic examina- 
tion , instead of recovering from the action of the drug 111 ten minutes he 
continued to sleep for twenty-four hours Cameron and de Sai am , 33 ha\ - 
mg pioduced acute damage of the liver in rats with carbon tetrachloride 
lound them more susceptible to the quickly acting barbiturates This 
susceptibility disappeared after hepatic regeneration They expressed 
the opinion that the liver’s detoxifying functions are impaired even 
bef 01 e cirrhosis develops Pratt 31 established a close correlation between 
hepatic function as measured by the bromsulphalem test and the pro- 
longation of the action of soluble pentobarbital U S P (pentobaibital 
sodium) The action of the barbiturates seems also to be intensified 
when they are administered m conjunction with morphine to healthy 
labbits Vogeler and Kotzoglu 33 gave labbits morphine salt in quan- 
tities of 0 1 mg per kilogram of body weight and thirty to forty minutes 
later induced anesthesia with sodium evipal These rabbits rested ten 
times as long as those leceivmg the same amount of sodium evipal 
without morphine 

31 Adriam, J Fate of Anesthetic Drugs m the Body, Anesthesiology 1 312- 
322 (Nov) 1940 

32 Mousel, L H , and Lundy, J S Role of the Liver and the Kidneys from 
the Standpoint of the Anesthetist, Anesthesiology 1 40-55 (July) 1940 

33 Cameron, G H , and de Saram, G S W The Effect of Liver Damage 
on the Action of Some Barbiturates, J Path & Bact 48 49-54 (Jan ) 1939 

34 Pratt, T W , and others Studies of Liver Function of Dogs, Am J Phi siol 
102 148-152 (Oct) 1932 

35 Vogeler, IC , and Kotzoglu, P Administration of Morphine Before Induc- 
ing Anesthesia b\ Sodium Evipan, Chirurg 7 242-245 (April 15) 1935, abstracted, 
Internat S Digest 20 1S-20 (Julv) 1935 
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mendations of Coller, Dick and Maddock 25 concerning the control of 
water exchange in postoperative patients by checking the unnary output 
are futile, since ascitic patients ordinarily have oliguria The persistent 
drainage from the abdominal wound following omentopexy, while bene- 
ficial in some respects, further obscures the true status of the patient’s 
water balance The only measures of value are those which laise and 
maintain the seium piotems to a normal level Actually the loss in ascitic 
fluid of seium and proteins which are utilized for the process of repaii 
turthei lessens the already depleted leserves Even with impending 
edema, Drew, Scudder and Papps , 20 who controlled hydration by means 
of the hematocrit and determinations of the specific gianty of the blood 
and of the plasma protein, had no method of adequately repudiating 
the blood aftei surgical proceduies 

Sjmptoms once attributed to portal obstruction, such as nausea, a 
flatulent type of dyspepsia, constipation and occasional bouts of dial rhea 
can in pait be interpreted as due to dysfunction of the gastrointestinal 
tiact because of the depletion of proteins 

Jones, Eaton and White 27 found that expenmental edema involved 
not only the subcutaneous tissues but all the organs Proceeding fui thei 
with the analysis of physiologic disturbances due to the lowering of the 
plasma proteins to critical levels, Barden, Ravdm and Frazier 2S showed 
by loentgen studies a marked delay in gastric emptying in both experi- 
mental animals and postoperative patients The gastric emptying time 
varied inversely with the concentration of plasma protein Barden and 
his co-t\ orkers 29 found a marked retardation of intestinal motility m 
dogs in which hypopioteinemia had been produced Thompson, Ravdm 
and Frank 30 found that this delay \ias coirected aftei the restoration ot 
plasma proteins to noimal let els 

25 Coller, F A , Dick, V S , and Maddock, W G Maintenance of Normal 
Water Exchange with Intra\enous Fluids, J \ M A 107 1522-1527 (Not 7) 
1936 

26 Drew, C R , Scudder, J, and Papps, J Controlled Fluid with Hematocnt 
Specific Gravity and Plasma Protein Determination, Surg, Gynec & Obst 70 859- 
867 (May) 1940 

27 Jones, C M , Eaton, F E , and White, J C Experimental Postoperatn e 
Edema, Arch Int Med 53 649-674 (May) 1934 

28 Barden, R P , Ravdm, I S , and Frazier, W D Hypoproteinemia as a 
Factor m the Retardation of Gastric Emptying After Operations of the Billroth 
J or II Types, Am J Roentgenol 38 196-202 (July) 1937 

29 Barden, R P , Thompson, W D , Ravdm, I S , and Frank, I L Influence 
of Serum Protein on the Motility of the Small Intestine, Surg, Gynec & Obst 
66 819-821 (May) 1938 

30 Thompson, W D , Ravdm, I S , and Frank, I L Effect of Hypopro- 
teinemia on Wound Disruption, Arch Surg 36 500-508 (March) 1938 Thompson 
W D , Ravdm, I S , Rhoads, J E, and Frank, I L Use of Lyophile Plasma 
in Correction of Hypoproteinemia and Prevention of Wound Disruption ibid 36 
509-518 (March) 1938 
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group had ascites and in addition had suivived one month after the onset 
of symptoms This entire group was treated medically, and 38 pei cent 
of them lived more than one year , 

The total number of patients on whom omentopexy was pei foi med for 
the lelief and cure of ascites was 38, and of these 16, or 42 pei cent, 
died within two weeks after the operation Follow-up study of the 
lemaming patients leads us to conclude that their prognosis is no moie 
satisfactory than it would have been if medical tieatment alone had been 
given 

In the light of the present concept of the formation of ascites the 
suigical concept that lestoiation of collateial cu dilation fiom the portal 
system is possibly by mechanical means is false Only with a sustained 
elevation of the vascular osmotic piessure will ascites subside, and this, 
unfoi tunately, is not as easily achieved in the patient who has cirrhosis 
as it is m one who has the edema and ascites associated with degenerative 
nephritis or nephrosis 

The hypoproteinenna of cnrhosis causes important physiologic 
alteiations, all of which are mimical to suigical intervention The patient 
is more susceptible to shock, the lestoiation of fluids subsequent to 
operation is fraught with serious risk, wound healing is lmpaned, and 
the pioper administration of any anesthetic is associated with a gi eater 
than average dangei 


1930 Wilshire Boulevard 
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A comparative study of tests of hepatic function on patients known 
to have cmhosis has recently been made at the Los Angeles Geneial 
Hospital 1 It would be consei vative to say that this group of patients, 
paiticularly those who had ascites, had poor hepatic function Dunlop 30 
concluded with regard to the toxicity of procaine that it is inadvisable 
to use it on patients having severe disease of the livei He expressed 
the belief that the liver is not essential for the detoxification of procaine 
but that it does detoxify procaine more rapidly and efficiently than do 
other tissues Even local anesthesia theiefore has conti aindications m 
the simple opeiation of omentopexy 

When poital ascites develops, water metabolism is altered Many 
of the factors contributing to diuresis in nephrosis are opeiative also 
m patients who have cirrhosis and ascites It has been accepted that 
the livei is lesponsible for the destruction of the short-acting barbiturates 
and that the barbituiates with more prolonged action, such as barbital 
and phenobarbital, aie excreted by the kidneys For instance, after 
bilateral nephrectomy in rabbits, Hirschfelder and Haury 37 found that 
the depression due to barbital or phenobarbital persisted until death, 
wheieas the shorter- acting barbiturates had little effect Murphy and 
Koppanyi 38 produced acute renal lesions in dogs and rabbits with 
tartanc acid, potassium chromate and uranium acetate Aftei the 
administration of barbital to these nephrotic animals there was a reduced 
concentration of barbital in the urine and a retention of the drug in 
the blood and tissues When barbital was given m anesthetic doses 
the animals failed to survive Richards and Appel 39 confirmed that 
when damage to the liver is produced by chlorofoim oi carbon tetra- 
chloride the action of the long-acting barbital is not affected, but there 
is a marked prolongation of the effect of the shortei -acting gioup of 
bai biturates, such as pentobarbital 

CONCLUSION 

The prognosis of the patient with cirrhosis seen in this institution is 
usually poor Omentopexy performed on selected patients has not 
prolonged life The total number of patients in the group who were 
not treated surgically was 117, and 72 per cent of these patients had 
died within one year aftei the onset of symptoms Fifty-three of this 

36 Dunlop, J G The Fate of Procaine m the Dog, J Pharmacol & Exper 
Therap 55 464-481 (Dec ) 1935 

37 Hirschfelder, A D , and Haury, V G Effect of Nephrectomy on Duration 
of Action of Barbitals, Proc Soc Exper Biol & Med 30 1059-1060 (Mav) 1933 

38 Murphy, W S , and Koppanyi, T Studies on Barbiturates, J Pharmacol 
& Exper Therap 52 70-77 (Sept ) 1934 

39 Richards, R K , and Appel, M The Barbiturates and the Liver, Anesth 
& Analg 20 64-77 (March-April) 1941 
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REPORT Or CLINICAL EXPERIMENT 

Clinical Details — R G , a Puerto Rican man aged 20, was admitted to Sea View 
Hospital on March 5, 1940, with pulmonaiy tuberculosis There were caseous 
pneumonic involvement of the entire left lung and a productive lesion in the apex 
of the right lung (fig 1) Tuberculosis had been discovered m 1936 In 1936 and 
1937 pneumothorax had been induced on each side for several months, and thoia- 
coscopy had also been performed on the left side There was no history of rheumatic 
te\er, syphilis, hypertension or any cardiovascular symptoms 

Throughout about two years’ observation the patient was ambulatory The 
general nutrition improved, and the sputum, which had been positive for tubercle 
bacilli on admission, became negative for such organisms Examination showed 
that the heart was displaced to the left, but there was no evidence of cardiac 
enlargement or of cardiac insufficiency A pleuropericardial friction rub was heard 
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Fig 1 — A roentgenogram of chest taken on admission Note the caseous pneu- 
monic imolvement of the left lung and a productive lesion in the apex of the right 
lung, with marked displacement of the heart to the left 

on one occasion Blood pressure readings fluctuated, the highest was 190 systolic 
and 90 diastolic, obtained when the patient was first seen, frequently readings of 
about 130 systolic and 80 diastolic were noted The radial arteries were barely 
palpable, and the dorsal pedal arteries were thickened 

The electrocardiogram taken shortly after admission (March 18) showed a 
short PR interval (0 09 second), abnormal QRS complexes, with a duration of 
0 08 to 009 second, and abnormal RT segments (fig 2 A) 

The second electrocardiogram, taken one month later (April 15), showed a 
noimal record (fig 2 B) On the same dav tracings were taken with the patient 
in several positions and during different phases of respiration left lateral position, 
right lateral position and the sitting position, each during both deep inspiration and 
deep expiration The only change obtained by varying the conditions in this wai 
was m the height of the R wa\ e m lead I, which was totally abolished m the left 
lateial position both m deep inspiration and in deep expiration and to a lesser 






ACTION OF DIGITALIS ON CONDUCTION IN i HL 
SYNDROME OF SHORT PR INTERVAI AND 
PROLONGED QRS COMPLEX 


THEODORE f TOX, MD 

JANET J RAVELL, M D 
un 
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It is stated that the eftect of digitalis on the heait can simulate 
almost eveiy Ape of electiocaidiogiaplnc abnoxmality due to cauhac 
disoideis with the exception of mti aventi lculai conduction defects 1 
As far as the noimal electrocaidiogiam is concerned, this statement is 
undoubtedly tiue The obseivations of Halt, 2 howevei, ha\e been 
widel) cited in the liteiatuie as indicating that digitalis may occasionalh 
cause a delay in inti aventi icular conduction and a consequent widening 
of the QRS complex 

In this stud) pi obligation of the QRS time was pioduced b\ 
digitalis m the eouise of a clinical expeiiment The observations veie 
made in a case of so-called “bundle blanch block with shoit PR intei - 
val,” a syndiome fust obsened by Wilson 3 and subsequently descnbed 
by Wolff, Parkinson and White -1 Bishop 5 moie lecently ievieued 45 
cases of this syndiome icpoited in the liteiatuie, but as far as y\e aie 
able to ascertain, the effect of digitalis on this conduction abnormalit\ 
has not been investigated 

From the Cardiac Service, Sea View Hospital, and the Department of Pharma- 
cology, Cornell University Medical College 

1 Goodman, L , and Gilman, A The Pharmacological Basis of Therapeutics, 
New Yoik, The Macmillan Company, 1941, p 518 

2 Hart, T S Block of the Branches of the Bundle of His, Arch Int Med 
35 115 (Jan) 1925 

3 Wilson, F N A Case in Which the Vagus Influenced the Form of the 
Ventucular Complex of the Electrocardiogram, Arch Int Med 16 1008 (Dec) 
1915 

4 Wolff, L , Parkinson, J , and White, P D Bundle-Branch Block with 
Short P-R Interval in Healthy Young People Prone to Paroxysmal Tachycardia, 
Am Heart J 5 685 (Aug ) 1930 

5 Bishop, L F Bundle Bianch Block with Short P-R Intenal in Indi- 
\iduals Without Oigamc Heart Disease, Am J M Sc 194 794 (Dec) 1937 
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experiment a dose of 0 4 Gm of digitalis was given orally on each of three succes- 
sive days and a tracing (fig 3C) taken on the fourth day (June 3, 1940) At this 
time the heart rate was slower than in the control records taken before the admini- 
stration of digitalis (fig 3 A) Marked widening of the QRS complex had 
appeared , after medication with digitalis it was 0 14 second, whereas in the control 
tracing it was about 0 10 second The QT interval increased from 0 36 second in 
the control record to 044 second m that taken after medication with digitalis 
(lead II) This is contrary to observations on the effect of digitalis on the QT 
interval in regular sinus rhythm 6 

Three weeks later, after elimination of the drug, the tracing had returned to 
the appearance of the previous control record The experiment was then repeated, 
and a record similar to that in figure 3 C was obtained (July 1) Marked pro- 
longation of QRS time by digitalis was observed in two subsequent experiments 
(fig 4 A) In one of these immediately after a control tracing a single digitalizing 
dose of digitoxm, 1 25 mg , was given orally and a tracing taken twenty-four 



Fig 3 — The effect of atropine sulfate and of digitalis on the electrocardi- 
ographic abnormalities A, the control tracing (May 31, 1940) taken just before 
the administration of atropine sulfate B, the tracing taken a few minutes after 
intravenous injection of 2 mg of atropine sulfate Note the acceleration of the 
heart rate from 100 to 150 per minute and decrease m the QRS time from 0 10 to 
0 07 second C, the tracing taken on the fourth day (June 3) after beginning 
administration of digitalis (total dose 18 grains [1 16 Gm ] given orally) Note 
the slowing of the heart rate from 90 in the control record ( A ) to 70 per minute 
and widening of the QRS complex to 0 14 second per minute 

hours later The same effect was observed after the administration of the purified 
glycoside as after medication with digitalis leaf Thus, pronounced widening of 
the QRS complex was produced on each of the four occasions on which digitalis 
was administered 

6 Cheer, S N , and Dieuaide, F R Studies on the Electrical Systole 
(“Q-T” Interval) of the Heart IV The Effect of Digitalis on Its Duration m 
Cardiac Failure, J Clin Investigation 11 1241 (Nov ) 1932 







208 


ARCHIVES OF INTERNAL MEDICINE 


extent was influenced in other positions The original abnormal tracing was not 
reproduced It seemed likely, therefore, that the abnormal rythm was not the result 
of mediastinal torsion or displacement 

A tracing taken ten days later (April 25) again showed a short PR interval 
with abnormal QRS complexes, which differed from the first one in that a notch 
had appeared on the upstroke of the R wave in lead I near its apex, the R wave m 
lead II was slurred along the entire upstroke and in lead IV the T wave was posi- 
tive and there were a reduction in the height of the R wave and a deepening of 
the S wave The QRS time was 010 second (heart rate 110 per minute) At 
this time the taking of tracings during deep inspiration and deep expiration (sit- 
ting position only) did not introduce any modification of the record 



Fig 2 — A, an electrocardiogram taken shortly after admission Note that the 
PR interval is 0 09 second and the abnormal QRS complex has a duration of not 
exceeding 0 09 second B, a tracing taken one month later, showing a normal sinus 
rhythm The PR interval measures 017 second, and the QRS complexes are 
normal 

Over ninety electrocardiograms were taken between March 18, 1940 and Jan 
8, 1942 With the exception of the normal tracings obtained on April 15 all showed 
essentially the same characteristics (figs 2 A and 3 A) The QRS time, however, 
showed a tendency m the later tracings to become prolonged to 0 11 or 0 12 second 
(fig 7 A) 

Several experiments were carried out to determine the effect on the electro- 
cardiogram of changes in \agal tone produced in various ways 

Increased Activity of the Vagus Netve — -Digitalis The effect of digitalis on 
the electrocardiographic syndrome was studied in four experiments In the first 
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ventricular tjpe of nodal rhythm (fig 5), and the QRS complex now resembled 
that of the normal sinus rhythm (fig 2 B ) Eight minutes after administration 
of ati opine the tracing had returned to the abnormal form seen in the tracing 
taken shortly after admission 

Four and a half months later (April 11, 1941) the mecholyl chloride-atropine 
sulfate experiment was repeated (fig 6) This time a larger dose of mecholyl 
chloride, 25 mg, was given subcutaneously The control blood pressure reading 



Fig 5 — The effect of atropine sulfate after the administration of mecholvl 
chloride (15 mg), first experiment (lead I) Sections have been selected fiom a 
continuous tracing taken immediately after the intravenous injection of 1 2 mg of 
atropine sulfate Note the transition of the electrocardiographic abnormalities to a 
supraventricular nodal rhythm, with occasional escape to the abnormal foim, and 
occasional appearance of an M-shaped complex 



Fig 6 — The effect of atropine sulfate after the administration of mechohl 
chloride (25 mg ), second expenment (lead I) A, the control record B, a tracing 
illustrating the effect of mechohl chloride Note that the only changes are a slight 
increase m rate and more pronounced notching of the P wave C, the tracing taken 
a few minutes after intravenous injection of 2 mg of atropine sulfate The record is 
the same as that taken after the administration of mccholjl chloride 

was 142 svstolic and 80 diastolic Four minutes after administration of mechohl 
chloride it was 134 sjstohc and 66 diastolic, the patient was flushed, lacnmating 
and perspiring profusely Tracings were taken for twelve minutes after the injec- 
tion There was no change m the PR interval or in the configuration of the QRS 
complex (fig 6 B) Atropine sulfate 2 mg, was then injected intravenously 
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An arrhythmia (fig 4 C) similar to sinus arrhythmia was frequently seen m 
the tracings after medication with digitalis 

On December 6, when marked /widening of the QRS time was in evidence aitu 
the administration of digitalis (fig 4 A), atropine sulfate, 1 2 mg, was given mtia- 
venously The immediate effect (fig 4 5) was an increase in heart rate and a 
decrease in the QRS time to 0 07 second from the previous value of about 0 14 
second Twenty-four hours later the digitalis effect had reappeared (fig 4 C) 
At this time the arrhythmia was most distinct The results of this experiment 
suggest that the digitalis effect on the QRS complex is vagal in origin 

Pressure on the Carotid Sinus Pressure on the right and the left carotid 
sinus had no effect on the electrocardiographic changes (November 29) \t this 
time the control record showed a QRS time of 0 09 to 0 10 second 

Mecholyl Chloride (Acetylbetamethylchohne Hydrochloride) On the same da\ 
that the effect of pressure on the carotid sinus was observed IS mg of mecholjl 
chloride v’as administered subcutaneously Before administration the blood pressure 
was 134 systolic and 82 diastolic Two and one-half minutes after the drug was given, 



Fig 4 — The effect of atropine sulfate on the widening of the QRS complex 
produced by digitalis (lead I) A, the tracing taken after digitalization, showing 
widening of the QRS complex B, the tracing taken immediately after the mtia- 
\enous injection of 1 2 mg of atropine sulfate Note acceleration of the heart rate 
from 75 to 120 per minute and narrowing of the QRS complex from 0 14 to 0 07 
second C, the tracing taken twenty-four hours later, showung reappearance of the 
digitalis effect on the QRS time and a distinct arrhythmia 

the reading was 126 systolic and 76 diastolic and flushing, lacrimation, sweating 
and salivation appeared A tracing was taken at this time and another one ten 
minutes later, when the blood pressure was 120 systolic and 76 diastolic The 
only changes that took place in the electrocardiogram were an increase in heart 
rate from 95 to 120 per minute and more pronounced notching of the P ware 
in lead I This change in the P wave was seen on other occasions when the late 
increased (fig 3 A and fig 3 B) Eighteen minutes after mecholyl chloride w’as 
administered the heart rate was 110 per minute, the electrocardiogram was not 
altered in other respects 

Atropine sulfate, 12 mg, was then administered intravenously The sweating 
salivation, etc, immediately disappeared, and the blood pressure rose to 152 
sjstolic and 92 diastolic The electrocardiographic picture changed to a supra- 
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rate and a decrease in the QRS time to 0 07 second (fig 3 A and B ) A tracing 
taken twenty-four hours later resembled the control record taken before the admin- 
istration of atropine 

The effect of prostigmine methylsulfate following medication with atropine 
was studied on Aug 2, 1941 At this time the control tracing (fig 7 B) showed 
slight spontaneous widening of the QRS complex (heart rate 90 per minute) 
Atropine sulfate, 2 mg, given intravenously caused acceleration of the heart rate 
to 140 per minute and marked shortening of the QRS time (fig 7 C ) Five 
minutes later prostigmine methylsulfate, 0 5 mg, was injected subcutaneously 
Twenty minutes after the injection of prostigmine, the heart rate had slowed (110 per 
minute) and the QRS time had lengthened (fig 7 D) It is noteworthy that 
the QRS time after the administration of prostigmine slightly exceeded that m the 
control tracing taken before medication with atropine, in spite of the fact that 
the heart rate was faster 

In the experiments with atropine, mecholyl chloride and digitalis shortening of 
the QRS time was usually associated with acceleration of the heart rate and 
widening of the QRS time with a relatively slow rate That the QRS time is 
not a function of heart rate is seen by a comparison of selected tracings shown 



Fig 8 — Lead II is shown A and B compare two tracings in which the heart 
rate is different The QRS time in the one with the faster rate (90 per minute) 
is 014 second ( B ), and the one with the slower rate (75 per minute) has a QRS 
time of 010 second {A) C and D show tracings in which the heart rates are 
essentially the same, the QRS time in one is 0 08 second ( C ) and m the other 012 
second ( D ) 

in figure 8 For instance, tracings with similar rates show widely different QRS 
durations, and a tracing with a slow rate may have a shorter QRS time than one 
with a faster rate Thus, there is no correlation between the heart rate and the 
width of the QRS complex 

COMMENT 

The condition m the case presented is classified as belonging to the 
syndrome of so-called “bundle branch block with short PR interval ” 
However, it differs from that syndrome as heretofore described in the 
literature m that the QRS complex associated with the short PR interval 
was not consistently prolonged Frequently, particularly m the early 
tracings, the QRS duration was only 0 09 second It is possible that this 
case lepresents early stages in the evolution of the syndrome ' 

Opinions differ as to the pathogenesis and the significance of this 
electrocardiographic picture The fact that m most instances the abnor- 
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and tracings were taken for four minutes (fig 6 C) There was no recurrence 
of the supraventricular type of nodal rhythm 

The appearance of a nodal rhythm in 1 instance after medication with atropine 
after the administration of mecholyl chloride may be assumed to be due to the 
asynchronous release of the auriculoventncular node and the sinus node If the 
aunculoventricular node is partially released from the influence of the vagus nerve 
while the sinus node is still relatively under the control of this nerve, a nodal 
rhythm may appear spontaneously 7 

Deci cased Activity of the Vagus Ncive — Exercise Acceleration of the heart 
rate by exercise had no effect on the electrocardiographic changes 

Atropine Sulfate This compound, 12 mg, was given intravenously (May 6, 
1940), and tracings (lead II) were taken immediately and two, four, six, eight and 
nine minutes later Resumption of the normal sinus rhythm did not occur No 
change m the PR interval was noted The QRS time decreased from 0 09 second 



Fig 7 — Leads I and II are shown A, the tracing taken July 7, 1941, showing 
spontaneous widening of the QRS complex (QRS time Oil to 012 second) The 
other three parts of the figure illustrate the effect of prostigmine methylsulfate on 
the QRS complex narrowed by atropine sulfate (Aug 2, 1941) B, the control 
record made before the administration of atropine sulfate C, the effect of atropine 
sulfate, 2 mg given intravenously Note the shortening of the QRS time from 
0 09 to 0 05 second in lead I and from 0 10 to 0 08 second in lead II D, the effect 
of prostigmine methylsulfate, 0 5 mg , given subcutaneously five minutes after the 
atropine sulfate Note that the duration of the QRS complex is 0 10 second in 
lead I and 011 second m lead II and thus slightly exceeds that observed m the 
control record made before the administration of atropine sulfate 


m the control record to 0 07 second after the administration of atropine The 
heart rate increased from 100 to 150 per minute 

Subsequently (May 31), a larger dose, 2 mg, of atropine sulfate was adminis- 
tered intravenously Similar effects were noted, that is, acceleration of the heart 

7 Wilson, F N The Production of Atrioventricular Rhythm m Man 
After the Administration of Atropine, Arch Int Med 16 989 (Dec ) 1915 
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Ihe impulse m pait passes by way of the “shoit cut” aiound the aunculo- 
ventricular node and in pait tiavels by the normal pathway 951 The 
hypothesis of abeirant aunculai conduction has found experimental proof 
m the recent work of Butterwoith , 10 who short circuited the noimal 
conduction system of the auricle through an amphfiei and pioduced a 
a enti lcular asynchiomsm with the electi ocardiogi aphic pictuie ol 
so-called “bundle branch block with short PR mteival ” It is cleai 
that under these conditions widening of the QRS complex is not 
si nonymous with intraventricular block 

In the case reported here the results of the experiments with digitalis 
aie in favor of the last hypothesis Assuming that there are two path- 
way foi the passage of impulses fiom the sinus node to the ventricles, 
one by way of the am lculoventi lculai node and one thi ough the aberi ant 
tissue, whatever depi esses the function of the auriculoventnculai node 
will tend furthei to short circuit auriculai conduction, increase the 
as}nchrony of the ventriculai responses and lengthen the duiation of 
the QRS complex The widening of the QRS complex by digitalis 
would thus lesult fiom the well known depiessant action of the ding 
on the aui lculoventi lcular node, causing the impulse fiom the sinus 
node to pi opagate to a gi eater extent through the aberi ant tissue That 
this effect of digitalis on the QRS tune is vagal is indicated by the fact 
that the widening is abolished by ati opine 

That oui patient was susceptible to the influence of the vagus neive 
is shown by the slowing of the heart rate and the appearance of an 
anhythnua aftei the admmistiation of digitalis, effects which may be 
attributable to an action on the sinus node A more staking demon- 
stration of the lole of vagal “tone” is the shortening of QRS time 
obtained by atropine in each of three experiments The atropine sulfate- 
piostigmme methylsulfate experiment also offers additional evidence 
that the widening of the QRS complex is m this case a function of the 
vagus nerve The fact that the widening of the QRS complex following 
administration of prostigmme slightly exceeded its duration in the con- 
trol recoid taken before atropine was administered suggests that piostig- 
mine may have contributed to the inhibition of cholmestei ase 

A similai effect of digitalis on the QRS complex associated with a 
short PR interval has been obseived by Scherf and Schonbrunner 11 
It is notewoithy, however, that in this instance the syndrome expressed 
itself m singly occurring beats rather than as an established rhythm or 

10 Butterworth, J S The Expei imental Production of the Syndrome of 
Apparent Bundle Branch Block with Short P-R Interval, J Clin Imestigation 
20 458 (July) 1941 

11 Scherf, D, and Schonbrunner, E Beitrage zum Problem der \ erkurzten 
Vorhofkammerleitung, Ztschr f klm Med 128 750, 1935 
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mality is discoveied m the eaily decades of life, in om case at the age 
of 20, has suggested that the cause may be a congenital defect ot the 
conduction mechanism Signs of oigamc cai diovasculai disease aie sel- 
dom evident in patients exhibiting this syndi ome In the case we hat e 
leported, howevei, the piesence of aitenoscleiosis and a tendency to 
hypertension make it impossible to rule out a structural change m the 
conduction system on an artenosclei otic basis In addition, in this case 
it is conceivable that the extensive tuberculosis may be a factor in the 
abnormal conduction It is quite possible, on the other hand, that 
the arteriosclerotic and tuberculous processes aie coincidental, lathei 
than etiologic 

Since it is sometimes possible in this disorder to lestoie the electro- 
cardiogram to normal by medication with atropine, it is generally believed 
that the syndrome lepresents a functional disturbance of conduction 
which is vagal m origin In the first case reported, 3 the characteristic 
electrocardiogiaphic abnoi mality appeared on stimulation of the \agus 
nerve and when spontaneously present could be abolished by adminis- 
tration of ati opine 

The following theones have been advanced for the mechanism ot 
this syndrome First, the electrocardiogiaphic abnoi mality represents 
nothing more than a nodal rhythm 01 tachycardia with aberrant con- 
duction in the ventncle 

Here, the cause of aberrant conduction is probably similar to that seen in premature 
auricular systoles except that the aberrant bt-pass remains fixed as long as the 
impulse arises in the A-V node 8 

Second, it lepiesents a legulai sinus rhythm with functional mtiaven- 
ti lcular block 4 Since the start of the QRS complex seems to be 
lesponsible foi its lengthening and also for the shoitenmg of the PR 
intei val, according to this hypothesis the delay would occur in the uppei 
part of the bundle, and the electrical effect of stimulation of the septum 
which is normally recoided as an isoelectric penod, would become 
appaient 8 Thud, the syndrome represents a normal sinus rhythm with 
conduction by a direct pathway betv een the sinus node and the venti lde 
which results not in a block oi delay but in an eaily aruval of the 
auricular impulse in the venti lculai muscle 9 This would imply that 

8 Katz, L N Electiocaidiographv, Philadelphia, Lea &. Febiger, 1941, 

P 524 

9 (a) Wolferth C C, and Wood, F C The Mechanism of Production of 
Short P-R Intervals and Prolonged QRS Complexes in Patients with Presumably 
Undamaged Hearts Hypothesis of an Accessory Pathway of Auriculoventricular 
Conduction (Bundle of Kent), Am Heart J 8 297 (Feb) 1933, (b) Furthei 
Observations on the Production of a Short P-R Interval in Association with Pro- 
longation -of the QRS Complex, ibid 22 450 (Oct) 1941, (c) Kent, A F S 
Some Problems m Cardiac Physiology, Brit M J 2 105 (July 18) 1914 
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the amplitude and not to the duration of the QRS complex Emthoven 11 
in 1906 found that stimulation of the vagus nerve in dogs under chloro- 
form anesthesia, which of itself increases vagal tone, did not pioduce 
any change m the form oi the duration of the QRS complex Ritchie 1 ’ 
found that m human subjects likewise stimulation of the vagus nerve 
never resulted m a prolongation of QRS time, although in 1 instance 
a lengthening of the “ventricular beat” from 0 35 to 0 45 second was 
noted, this was at the expense, not of the QRS complex, but of the 
ST segment and the T wave We have noted a similar lengthening of 
the QT mteival by digitalis in this case 

The fact that m our case uniform effects weie not obtained by the 
seveial methods employed to increase vagal activity does not necessarily 
aigue against the correctness of the hypothesis as to the mechanism of 
the sjmdiome For instance, differences m the cardiac i espouse to 
faradic stimulation of the vagus nerve and to choline derivatives have 
been demonstrated 16 It is possible that our patient did not have a 
sufficiently sensitive carotid sinus and that with respect to mecholyl 
chlonde the dose may not have been large enough 

It is notewoithy that m the later tracings m this case piogiessive 
widening of the QRS complex occurred spontaneously and simulated 
the digitalis effect This may have a bearing on the evolution of the 
syndiome and may be assumed to represent progressive depiession of 
the auiiculoventncular node with release of the aberiant conduction 
mechanism The development of increased vagal tone is also seen in 
the slowing of the late concomitant with the spontaneous mciease m the 
QRS time Theie was not, however, any constant relation between 
heart late and the wudth of the QRS complex 

SUMMARY AND CONCLUSIONS 

A case is reported in which the electrocardiographic picture of shoit 
PR interval in association with prolongation of the QRS complex was 
exhibited Observations were made over a period of nearly two yeais 

The effect of changes m vagal activity produced m various wavs 
was studied 

The effect of atropine sulfate on this syndrome was always to shorten 
the QRS time This indicates that there was a vagal component m 
the mechanism of the syndrome 

14 Emthoven, W Le telecardiogramme, Arch internat de physiol 4 132, 
1906 

15 Ritchie, W T The Action of the Vagus on the Human Heart, Quart J 
Med 6 47 (Oct ) 1912 

16 Starr, I , Jr A Note on the Antagonism Between the Cardiac Action of 
Acetyl-p-Methylchohne and Acetyl Choline, and That of Quimdme, J Pharmacol 
& E\per Therap 56 77 (Jan ) 1936 
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paioxysm Their observation that the abnormal beats disappeaied after 
the administration of digitalis is contrary to the findings in our experi- 
ment and does not seem to us to justify their conclusion that digitalis has 
a gi eater affinity foi the aberrant tissue than for the normal aunculo- 
ventriculai conduction mechanism, since it is possible that the disappear- 
ance of the abnormal beats after digitalization may have been i elated 
to improvement in myocardial function 

If one accepts eithei of the first two hypotheses, that the syndiome 
is essentially a nodal 01 a sinus rhythm with impairment of mtiaven- 
tnculai conduction, one would be forced to conclude that the widening 
of the QRS complex by digitalis is due to an action on intraventricular 
conduction That digitalis ever possesses such an action has not been 
demonstrated satisfactorily The evidence of Hart, 2 frequently cited m 
favor of this action of digitalis, is open to question In the 2 cases 
presented by Hart the objections can be raised that there weie piesent 
organic heart disease and congestive failure, which may of themselves 
give use to transitoiy electrocardiographic changes including bundle 
branch block and that no data are submitted as to the dose of digitalis, 
the time of appearance or disappearance of the electrocardiogi aphic 
change m relation to the medication or the reproduction of the change 
with repetition of digitalization Furthermore, the tracings illustrating 
the effect of digitalis on the QRS complex are not convincing, since 
m 1 case the widening of QRS time is insignificant (about 0 01 second) 
and m the other case the QRS configuration following medication with 
digitalis is so different from that in the control record that it is likely 
that the lhytlim aftei administration of the drug originates m an ectopic 
focus (nodal 7 ) This is not an unusual manifestation of the toxicity 
of digitalis and is due to an action on the pacemakei rathei than on 
intraventricular conduction Wmternitz 12 studied the effect of digitalis 
on the QRS complex in patients in cardiac failure and observed changes 
m its amplitude but no prolongation This is m agieement with general 
clinical expei lence 

Not only is there inadequate evidence to establish the existence of 
a digitalis effect on intraventricular conduction, but there is a lack of 
satisfactoiy pi oof that stimulation of the vagus nerve by other means 
than medication with digitalis can influence intraventricular conduction 
Changes in the ventricular complex during the stimulation of the vagus 
neive in dogs weie recorded by Henng in 1909, 13 but these applied to 

12 Winteimtz, M Die Digitaliswirkung auf das menschliche Kammeielek- 
trogramm, Ztschr f Kreislaufforsch 23 452, 1931 

13 Henng, H E Experimented Studien am Saugetieren uber das Elektro- 
kardiogramm, Arch f d ges Physiol 127 155, 1909 



STORAGE AND SIGNIFICANCE OF TISSUE 
GLYCOGEN IN HEALTH AND 
IN DISEASE 


SAMUEL SO SKIN, MD 

CHICAGO 

The glycogen in animal tissues has engaged the attention of physiol- 
ogists since the early work of Claude Bernard Its significance in 
health and in disease has also been the subject of scattered observations 
by clinical investigators since that time This presentation is an attempt 
to summarize and correlate such physiologic and clinical aspects of the 
subject as may be of interest and importance to the piacticmg physician 

y 

XA ri_ RL or GLYCOGEN 

Gl) cogen is a condensation pioduct, or polymer of dextrose (d-glu- 
cose) A molecule of glycogen is composed of twelve units of dextiose 
‘>ome watei being withdrawn in the process of condensation 1 This 
product is not pecuhai to animal tissue Starch is similar in its structuie 
and chemistry However, within the living cell glycogen exists in a 
characteristic state, wdnch is different from that of gl> cogen in the chem- 
ist’s bottle 01 of starch on the giocer’s shelf In its natural habitat 
glycogen exists m the colloidal state, the particles of glycogen being 
composed of large aggregates of glycogen molecules It seems like!) 
that the colloidal state of the glycogen is preserved by the protectnc 
action of certain proteins within the cell 2 

J he physical structure of glycogen may explain the manner m which 
it is protected from the metabolic activities of the cell which are going 
on all around it Carboh)drate is being synthesized and broken down 
constantl) Under these circumstances the accumulation of more than 
a small equilibrium amount of glycogen would be difficult to explain fiom 
a chemical standpoint were it not for the physical protective barnei oi 
the colloidal state which withholds it from the reaction mixture This is 
a phenomenon well knowm to enzyme chemists Conversely, the dis- 

Read at the annual meeting ot the American Diabetes Association, Atlantic 
City, N J , June 7, 1942 

From the Department of Metabolism and Endocrinology, Michael Reese Hos- 
pital, and the Department of Physiology, University of Chicago 

1 Haworth, J Constitution of the Sugars, London, Edward Arnold &. Co 

1029 

2 Lazarow, \ Particulate Oh cogen, Science 95 49 1942 
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In lepeated experiments digitalis unifoiml) pioduced widening ot 
the abnormal QRS complex That this effect involves vagal function 
was demonstiated b\ its disappearance after administration of atropine 
The results of this study are m harmony with the hypothesis that 
this syndrome is due to an abenant conduction mechanism joining the 
sinal node with one of the ventncles According to this hypothesis 
the widening of the QRS complex by digitalis is due not to an action 
ot the drug on mtraventnculai conduction, but lathei to depression ol 
the auriculoventricular node, resulting in increased activity of the abei- 
lant auricular conduction tissue with consequent increased asynchrom 
ot the ventncular responses 

Xote Since this paper was submitted toi publication, Buttei woith's 
t \pei nnents have been repoited m gi eater detail 17 

944 Fifth Avenue 
9 West Sixteenth Street 
Sea View Hospital 

17 Butterworth, J S , and Poindexter, C A Short PR Interval Associated 
with a Prolonged QRS Complex, Arch Int Ivied 69 437 (March) 1942 
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groups is the primal y means by which the cell derives useful eneigy 
fiom the bieakdown of foodstuffs 4 5 

In the living animal the ti ansfonnation of dextiose to glycogen is 
facilitated by the piesence of insulin The inci eased deposition of glyco- 
gen fiom dextiose under the influence of insulin, paiticulaily m muscle, 
is the most fiimly established physiologic action of this hoimone How- 
ever, insulin is not essential to the leaction, since it has been shown that 
small amounts of glycogen may be deposited m the absence of insulin by 
the diabetic oigamsm r ’ This fact has leceived final confiimation fiom 
the m Mtio w 01 k of Con and co-workei s , 3 who have synthesized glyco- 


Glycogen 

11 - 


Glucoae-l-Phosphate 



Fig 2 — The probable manner m which the transformation of dextrose t< 
glycogen is facilitated by insulin The hormone probably acts at an intermediate 
step between the hexose phosphates and pyruvic acid and by facilitating certain 
phosphoivlations m this region makes possible the continuous rephosphorylation 
of ademhc acid {A A) to adenosine triphosphate (ATP) and thus indirectly 
increases the late of phosphoiylation of (/-glucose (dextrose) to glucose-6-phospbate 

gen fiom dextiose m the test tube in the piesence of the necessaiy 
enzymes but without insulin Indeed, they weie unable to demonstrate 
any effect when insulin was added to their system From this and other 
evidence it seems unlikely that insulin acts on any of the senes of leac- 


4 Kalckar, H Nature of Energetic Coupling m Biological Syntheses, Che m 
Rev 28 71, 1941 

5 Major, S G , and Mann, F C The Formation of Glycogen Following 
Pancreatectomy, Am J Physiol 102 409, 1932 
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appearance of glycogen from the living cell may depend not only on 
metabolic demands foi caibohvdrate in excess of the incoming supply 
but on any injury to the cell which renders the existing conditions 
unfavoiable for the maintenance of the colloidal state and allows the 
accumulated glycogen to be attacked and dissipated This may explain 
m part the known association of good glycogen stores with healthy tissue 
and the consistently low glycogen levels occurring in diseased tissue It 
may also account for the lapid disappeaiance of glycogen from excised 
organs and tissues -which have been subjected to the trauma of anoxia, 
handling, etc 

S\ NTHESIS or GLYCOGEN 

It must be emphasized fiom the outset that synthesis of glycogen and 
breakdown of glycogen are not sepaiate phenomena They meiely 
lepiesent the opposite dnections of the same chemical piocess Diffeient 
glycogen molecules aie constantly being built up and broken down at the 
same time What is called glycogenesis is meiely the net lesult at any 

Glycogen + P 0 

A 


Glucose -1-Phosphate 

* 


ATP 1 

Dextrose ^ Glucose-6-Pho3phato 

(d Glucose) 

Fig 1 — The general 1}' accepted scheme of the chemical steps through which 
dextrose (<f-glucose) is transformed to glycogen in body tissues 

given tune when the rate of foimation of glycogen exceeds the rate of 
bieakdown of glycogen Similarly, glycogenoly sis is the net result when 
the propoi tionalit} of the aforementioned lates is reveised Neverthe- 
less, for purposes of this exposition it will be useful to consider hist the 
factois involved particulaily in the synthesis of glycogen 

It is well recognized that the most impoitant precuisor of glycogen 
m the living body is blood sugai The chemical steps thiough which 
dextiose ( (/-glucose) is transformed to glycogen in the tissues have 
been worked out within lecent years, particularly by Cori and his 
co-workers 3 The generally accepted scheme is indicated m figure 1 It 
will be noted that the intermediate steps between dextrose and glycogen 
all involve phosphorylated compounds This is a point of fundamental 
significance, since it is now recognized that the transfer of phosphate 

3 Cori, C F Phosphorylation of Glycogen and Glucose, Biol Symposia 5 
131, 1941 
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insulin did not exert any significant effect m addition to the effect of 
sugai concenti ation It may be stated parenthetically that this 1 elation 
of the action of insulin to sugar concentration is consistent with other 
actions which we have been able to demonstrate Ca In other \\ ords, 
insulin enables the tissues to do at low or at physiologic concenti ations 
of sugar that foi which thev would otherwise lequue high concenti ations 

breakdown of glycogen 

Since gl) cogen is the mti acellular stoiage foim of carbohydiate, it 
is the most readily available souice of energy foi the body When gljco- 


KbSCLE 


Glycogen 




LIVER 


Glucose-l-Phospha te 


1 


Glucose -6-Phosphate 


I 

I Phosphatase Dextrose 

j (d Glucose)' 


l 

u 


_ _l 


Hexose-1 6-Phosphate 

I 

Trlose Phosphate 

't 

Phosphopyruvic Acid 


I 


_ , . ... -Relative 

Lactic Acid ‘ Vq ""* " 1 * Pyruvic Acid 


i- 


via Cytochrome Systems 
and Coenzymes 


Fig 4 — The chemical steps involved in the breakdown of gh cogen in the muscle 
and in the liver under ordinary physiologic conditions 


gen bieaks down in the muscle undei oidmaiy physiologic conditions, 
all of it goes thiough a senes of intei mediary steps ending in caibon 
dioxide and water (fig 4) Lactic acid does not appear undei these 
conditions, and it will be noted from figure 4 that lactic acid is to be 
i egarded as an offshoot from the sei les of reactions, i athei than a dn ect 
step in them The steps from glycogen to pyiuvic acid can occur m the 
absence of oxygen The steps below pyruvic acid depend on an adequate 
oxygen supply When because of an excessively rapid rate of bieakdown 
of glycogen or some impairment m oxygen supply the latei steps can no 
longer keep pace with the early steps, pyruvic acid tends to accumulate 
But under these same conditions pyruvic acid is rapidly converted to 
and appears as lactic acid Once the disproportion between the rates 
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tions indicated in figure 1 The work of my associates and myself 6 
makes it probable that insulin acts at an intermediate step between the 
hexose phosphates and pyruvic acid, as shown in figuie 2 By facili- 
tating certain phosphorylations m this region it makes possible the 
continuous rephosphorylation of adenylic acid (A A ) to adenosmetn- 
phosphate ( ATP ) and thus mduectly increases the rate of phosphory- 
lation of </-glucose (dextrose) to gIucose-6-phosphate 

The majoi factoi othei than insulin which detei mines the rate of 
synthesis of glycogen is the concentration of sugar present This is, of 
couise, m accord with the general naluie oi all enzyme leactions Coil 
and Con 7 8 ha\ e shown that the amount of glycogen deposited m the 
livei of a given experimental animal depends on the height at which the 
blood sugai level is maintained, lathei than on the total amount of sugar 

Final 



Fig 3 — The inu easing amounts of glycogen deposited in muscle in vitro at 
increasing concentrations of blood sugar, with and without added insulin 

given It has been possible in oui own laboiatoiy s to demonstrate this 
i elation for muscle even more clearly on rat diaphiagm in vitro by the 
Warburg technic Figuie 3 shows the increasing amounts of glycogen 
deposited at increasing sugai concentiations, with oi without added 
insulin It will be noted that at the highest concentiations of sugai the 

6 (a) Soskm, S , and Levine, R On the Mode of Action ot Insulin, Am J 

Phjsiol 129 782, 1940 (b) Levine, R , Feinstein, R N, and Soskin, S Studies 

on the Mechansim of Insulin Action in Skeletal Muscle in Vitro, Federation Proc 
I SO, 1942 

7 Cori, C F, and Con, G 1 The Influence of Insulin and Epinephrine on 
Gh cogen Formation in the Liver, J Biol Chem 85 275, 1929 

8 Hechter, O , Levine, R , and Soskm, S Relationship Between Sugar 
Concentration and Glycogenetic Action of Insulin on Rat Diaphragm m Vitro 
Proc Soc Exper Biol & Med 46 390, 1941 
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m glycogenesis Theie is no known influence of insulin on the activity 
of amylase Hence the intei vention of amylase m toxemic states intro- 
duces a factoi in bieakdown of glycogen which cannot be controlled by 
insulin, regardless of the amounts of insulin administered 

SIGNIFICANCE OF MUSCLE GLYCOGEN 

The glycogen within the muscle cells maj be reasonably supposed to 
seive best m emergencies, when the muscle is unable to diaw sugar 
from the blood as quickly as it requires it But, as a mattei of fact, 
glycogen is more than merely a conveniently packaged form of carbo- 
hydrate lying on the pantry shelf It is now known that moie energy is 
derivable from a certain amount of glycogen than from an equivalent 



Fig 5 — A graphic representation of the significance of muscle glycogen, in 
which the water in the well represents the blood sugar, the pump represents the 
pliosphorylating mechanisms and the tank cn the roof represents the store of 
glj cogen 

amount of blood sugai It requires a certain amount of eneigy to bring 
the blood sugar into the metabolic system of the muscle (as hexose-6- 
phosphate), and therefore all the energy inherent in the dextrose is not 
available foi useful woilc On the other hand, the breakdown of glycogen 
to the same stage does not lequire the addition of energy and hence 
makes all its inherent energy quickly available This is not to say that 
one gets something for nothing from glycogen, foi it requned some 
eneigy to build up the glycogen in the first place But this energi was 
expended dui mg a quiescent period when plenty of it was available The 
situation is analogous to that portrayed m figure 5 Here, the water in 
the w ell represents the blood sugar, the pump stands for the phosphorv- 
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at which glycogen is bioken down and oxygen is supplied has disap- 
peared, the lactic acid may giadually be oxidized back to pyiuwc acid 
and further to carbon dioxide and water Meanwhile, howevei, much 
of the lactic acid may have diffused out into the blood stream This 
lactic acid which appeals m the blood under conditions of violent exer- 
cise or of relative anoxia is carried to the liver and there reconverted to 
glycogen The so-called “lactic acid cycle” is of some significance foi the 
conservation of caibohydrate under conditions of stress and stiam but 
is of no particular impoitance normally when lactic acid does not pile 
up m muscle 

Practically all the tissues in the body which have been studied exhibit 
a pattern of breakdown of glycogen similar to that described foi muscle 
The liver differs in one respect This difference does not concern the 
steps in the direct senes of reactions down to carbon dioxide and water 
but is due to an additional factor which results in the appearance of 
dextrose as one of the chief end products of breakdown of glycogen 
The additional factor is the piesence of an active phosphatase which, 
by splitting the phosphate from hexose phosphates, can dneit a large 
proportion of these intermediate substances from the dnect line of 
degradation 0 

It will be noted that theie is no place in figuie 4 foi the pailicipation 
of amylase or glycogenase in the breakdown of glycogen Such an 
enzyme was at one time supposed to be responsible for normal glycogenol- 
ysis It now appeals that the amylase present m blood is merely an 
incidental constituent which has diffused out fiom the parotid and the 
panel eatic glands When the livei has been washed free of blood under 
proper conditions, it is not possible to demonstrate any amylase activity 
m hepatic tissue This may be either because the membrane of the 
hepatic cells excludes the blood amylase oi because of the demonstrated 
fact that theie is insufficient chloride ion (Cl — ) within the hepatic cell 
to allow for amylase activity even if the enzyme could enter However, 
under abnoimal conditions amylase may assume an impoitant role m 
breakdown of glycogen It has lecently Deen demonstiated in our 
laboratory 9 10 that the lairs ltmoved from animals intoxicated with 
diphtheria toxin exhibited significant amylase activity within the livei 
cells This may explain m part the low levels of liver glycogen in infec- 
tion and m toxemia, as well as the occuirence of so-called “insulin 
resistance” under the same conditions As previously mentioned, insulin 
piobably exerts its influence on the phosphorylatmg mechanisms involved 

9 Con, C F Glycogen Breakdown and Synthesis in Animal Tissues, Endo- 
crinology 26 285, 1940 

10 Taubenhaus, AI , and Soskm, S On the Mechanism of Insulin Resistance 
in Toxemic States, J Clm Endocrinol 2 171, 1942 
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SIGNIFICANCE OF LIVER GLYCOGEN 
The piime function of the liver in lespect to carbohydrate metabolism 
is to supply sugar to the blood and through this medium to all the other 
tissues of the body 15 The rate at which it secietes sugar into the blood . 
is governed by a remarkably efficient homeostatic regulating mechanism 
which is responsible for the so-called “normal blood sugai level ” ],J 
When sugar is not available from the gastrointestinal tract for an} 
consideiable length of time, it must be made by the liver fiom noncaibo- 
liydrate mateiials The liver glycogen thus repiesents a reserve of carbo- 
hydrate on which the liver may draw quickly while the gluconeogenetic 
piocesses are accelerating to an adequate rate While this reserve is 
important foi temporary emeigencies, it is not always sufficiently appreci- 
ated that it represents a rather small amount of carbohydi ate, as com- 
pared to the body’s daily requirements If one assumes, foi example, 
that a man weighing 70 Kg with a liver weighing 1,800 Gm has an 
average good store of glycogen of about 6 per cent, this would mean a 
total liver glycogen of 108 Gm If gluconeogenesis weie to cease, this 
amount of caibohydrate could supply the requirements of his extia- 
hepatic tissues (loughly 0 25 Gm per kilogram per hour) for about six 
houis only The relative impoitance of the gluconeogenetic processes 
as compared to the reserve of liver glycogen is obvious 

In view of the foiegoing statements it is not surprising that recent 
woik has shown that the antenor lobe of the pituitary gland, the adienal 
cortex and the thyroid, as well as the pancreas, exeit their impoitant 
effects on carbohydrate metabolism through the gluconeogenetic proc- 
esses m the liver 17 It is beyond the scope of this presentation to go 
into detail as to the paiticular effects of these glands It is important 
to note, however, that while the anterior lobe of the pituitaiy, the adrenal 
cortex and the thyroid all increase the rate of gluconeogenesis m the liver, 
the activity of none of them results in increased stores of glycogen when 
theie is a relative or an absolute insulin deficiency It is equally impoi- 
tant to remember that the normal animal or human being secietes an 
optimal amount of insulin for storage of glycogen m the livei The 
admmistiation of additional insulin to the normal oigamsm, by causing 

15 Soskm, S The Liver and Carbohydrate Metabolism, Endocrinology 26 
297, 1940, The Blood Sugar Its Origin, Regulation and Utilization, Physiol Re^ 
21 140, 1941 

16 Soskm, S , Essex, H E , Herrick, J F , and Mann, F C The Mechanism 
of Regulation of the Blood Sugar by the Liver, Am J Phj siol 124 558, 1938 

17 Soskm, S Metabolic Functions of the Endocrine Glands, Ann Rev Plnsiol 
3 543, 1941 
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lating mechanisms and the tank on the loof lepiesents the stoie of gl) co- 
gen It is readil) understandable that when the tank contains stoied 
water, the tap can deliver a rate of flow far beyond the i ate-capacit) of 
the pump The watei stored during periods when the tap is closed is at 
a higher level than the oiigmal source of the water and also stoies some 
of the energy applied by the pump This potential energy is ieleased 
when the tap is opened Too great an outflow from the tap maj, of 
course, exhaust the stoied water and reduce the flow from the tap to the 
late at which the pump is capable of opeiating A similar situation mat 
occui m muscle, when excessive rates of -woik over prolonged periods 
aie attempted 

The application of these physiologic facts to clinical phenomena is 
exemplified by the gi eater stores of glycogen and of phosphate esteis 
found in the muscles of animals trained to peiform prolonged w oik 11 
This may be related to the physical abilities of manual laborers and of 
athletes Conversely, the charactenstically lo\V levels of muscle glycogen 
found in persons with poorly controlled diabetes and in lryperthjioid 
persons is accompanied by muscular weakness 

The skeletal muscle, to which the foiegomg lemarks apply, is an 
oigan which must of necessity undertake bursts of exertion The role of 
gl\ cogen does not seem to be as important in other organs which charac- 
teristically work at moie constant rates For example, the glycogen 
content of the central nervous system seems to have little significance, 
toi this tissue apparently derives its energy from the blood sugar from 
moment to moment 1 - Hence its extieme sensitivity to hypoglycemia 
The cardiac muscle may be said to occupy a position m between the 
extremes represented by the central neivous system, on the one hand, 
and skeletal muscle, on the othei While the heart must vary its output 
of energy considerably it does not do so throughout a range compaiable 
to that of skeletal muscle Its g!} cogen stores are correspondingly less 
important The woik of Cruickshank and Kosterlitz 13 has shown that 
it uses blood dextrose preferentially to gl} cogen and the latter prefer- 
entially to lactic acid Howevei, its stores of glycogen undoubted!} 
serve it during hypoglycemia, foi the heart is not particulaily sensitive 
to this condition The damaged hcait with poor stoies of glycogen is 
moie vulnerable In this condition stenocaidial symptoms may be pre- 
cipitated by a rapid fall of the blood sugar 14 

11 Palladm, A The Biochemistry of Muscle, Bull Soc chim faiol 13 13, 1931 

12 Quastel, J H Respiration m the Central Nervous System, Physiol Rev 
19 135, 1939 

13 Cruickshank, E W H , and Kosterlitz, H W The Utilization of Fat bv 
the Aglycaemic Mammalian Heart, J Physiol 99 208, 1941 

14 Soskin, S , Katz, L N , Strouse, S , and Rubinfeld, S H Treatment of 
Elderly Diabetic Patients with Cardiovascular Disease Available Carbohvdrate 
and Blood Sugar Level, Arch Int Med 51 122 (Jan ) 1933 
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hyperglycemia and glycosuna have been controlled But this is not 
necessarily so, unless the means by which the control was accomplished 
has also led to increased stores of glycogen m the body tissues From 
this point of view the use of a substance like decamethylenediguamdine 
(synthalm), which depresses gluconeogenesis by damaging the liver, is 
obviously wrong and dangeious regaidless of how wed it may control 
the more obvious criteria of diabetes The high fat diet may be con- 
sidered to be m the same category, although not nearly so dangeious 
When carbohydrate administration to supplement insulin therapy is 
advocated for the treatment of diabetic coma, it is often objected that 
the comatose person is already saturated with sugai , so that the admini- 
stration of more carbohydrate is useless A little simple arithmetic will 
show that this concept is erioneous The stores of glycogen of such a 

Caibohydrate Rcqmicd to Restate a Comatose Diabetic Pci son to Notmal by the 
End of the First Ttventy-Fow Homs of Ti eatment tenth Insulin 


Subject A man neighing 70 Kg, with a liver weighing 1,6 00 Gm , muscle weighing 35 Kg 
and 21 liters of blood and extracellular fluid 


Diabetic Normal 



Gm 

Gm 


Liver glycogen 

9 (0 5 %) 

108 

(0 o %) 

Muscle glycogen 

70 (0 2 %) 

245 

(0 7 %) 

Extracellular sugar 

74 (0 35%) 

17 

(0 08%) 


153 

370 




153 


Carbohydrate requirement for replenishment of stores, Gm 


217 


Carbohydrate requirement for 24 hour utilization, Gm 


2G3 


(based on 50% of 2,100 calories) 





Total, Gm 


480 



person are negligible The available carbohydrate is chiefly that which 
is present in the blood The accompanying calculation clearly shows the 
inadequacy of his extracellular sugar, as compared to the amount neces- 
saiy to replenish his stores of glycogen and supply his caloric require- 
ments, as the carbohydrate metabolism reverts to normal undei the 
influence of insulin 

It is evident that almost 500 Gm of caibohydrate must be adnnnis- 
teied to this hypothetic person during the first twenty-four hours of 
treatment and about one half of that amount during subsequent days 
in Older to maintain normal stores of glycogen and carbohydiate 
metabolism 

The storage and significance of glycogen in health and in disease, 
while dramatically illustrated m diabetic patients, is sufficiently impor- 
tant in patients suffering from other conditions and in normal persons 
to meiit careful attention at all times 


2839 Ellis Avenue 
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a rapid withdiawal of blood sugat into the much bulkiei penpheial tis- 
sues, results in a gi eater demand on the livei and an actual lowering of 
the liver glycogen 18 

I have previously noted the geneially observed association of good 
stoies of glycogen with healthy livei tissue and have suggested that 
the normal protein structure of the livei cell is essential for glycogen 
storage There is considerable evidence that the converse is also 
true, namely, that good stoies of glycogen m the liver cell protect its 
piotein structure It is possible that the fundamental mechanism may 
be similar in both instances, that is the pieservation of the normal col- 
loidal state This is merely a speculation, but the fact that glycogen is 
piotective seems certain on an empmc basis 10 There is ample evidence 
that hepatic damage due to various injurious agents is minimized in the 
piesence of adequate stoies of glycogen The practical theiapeutic appli- 
cation of this knowledge through the use of high carbohydrate tieatment 
is well known 20 Aside from the possible dn ect protective action to the 
hepatic cell, good stores of gly cogen may also be necessaiy for detoxi- 
fication of the noxious agents coming to the livei These leactions have 
lecently been studied m vitro It is known that man)’- such agents are len- 
dered harmless by conjugation with glycuionic acid oi by acetylation 
both of which processes requuc the use of caibohydrate by the liver 21 
A lack of available caibohydiate may allow the toxic agents to damage 
the livei unduly befoie they aie neutialized 

CERTAIN PRACTICAL CONSIDERATIONS 

It has been shown that glycogen not only is a storage product which 
supplies sudden demands foi caibohydrate by the body but is a substance 
which is impoitant for the well-being and the functional mtregnty of the 
tissues These consideiations are paiticulaily important in the tieatment 
of diabetes, m which the lack oi the relatne lack of insulin intei feres with 
stoiage of glycogen It has been an all too common fallacy to assume 
that a diabetic person has been restoied to the normal state because 

18 Bridge, E M The Action of Insulin on Glj cogen Reserves, Bull John-* 
Hopkins Hosp 62 408, 1938 

19 (a) Soskm, S , and Hyman, M Physiologic Basis of Intravenous Dextrose 
Therapy for Diseases of the Liver, Arch Int Med 64 1265 (Dec ) 1939 ( b ) 
Holmes, E The Effect of Toxaemia on Metabolism, Physiol Rev 19 439, 1939 

20 Strouse, C D , Rosenbaum, E E , Levy, R E , and Soskin, S Intensive 
Carbohydrate Therapy m Diabetic Patients with Manifest or Suspected Liver 
Disease, J Clin Endocrinol 1 831, 1941 Soskin and Hyman 1£m 

21 Lipschitz, W L , and Bueding, E Mechanism of the Biological Formation 
of Conjugated Glucuronic Acids, J Biol Chem 129 333, 1939 Klein, J R , and 
Harris, J S The Acetvlation of Sulfanilamide in Vitro, ibid 124 613, 1938 



REISNER— ERYTHROBLASTOSIS FOETALIS 


231 


lacks With the demonsti ation of anti-Rh antibodies in the serum of 
a laige percentage of the mothers of erythioblastotic infants the plausible 
hypothesis was advanced that erythroblastosis foetahs is the lesult of 
an intrauterine antigen-antibody leaction 4 Fuither woik has shown 
that an additional 7 per cent of erythioblastotic infants have motheis 
whose blood contains Rh antigen but who lack a genetically 1 elated 
antigen designated hR, which the babies have It seems likely that 
eventually all cases of eiythroblastosis may be shown to depend on these 
01 similar factors 

In the light of the foiegoing facts this study was undertaken to 
determine to what extent the blood picture m eiythroblastosis foetahs 
simulates the picture seen in experimental anemias due to autoantiboches 

METHOD AND MATERIAL 

Records and blood smears in 24 cases of fetal hydrops and of icterus giavis 
neonatorum were studied In 7 cases these were personally obtained, and in the 
remainder they were obtained through Dr Carl T Javert, of the Department of 
Obstetrics, and Dr Carl Smith, of the Department of Pediatrics 

The smears obtained from the obstetric service were all of cord blood drawn 
at birth from the umbilical vein, the others were of peripheral blood obtained 
by finger prick or heel prick All smears were stained by the usual Romanowsk> 
technic Hemoglobin determinations were made by the Sahh-Helhge method 
Red cell counts were made with red cell pipets standardized by the United States 
Buieau of Standards Reticulocytes were stained in vivo with 0 5 per cent bril- 
liant cresyl blue and the number of reticulocytes per five hundred red cells counted 
in dned smears counterstained with Romanowsky stains (Hastings’ stain or 
Wright’s stain) 

Price-Jones curves were made by the direct measurement of the diameteis of 
tlnee hundred consecutive round cells in dried smears with an oculai micrometer 
scale calibrated to measure to 0 7 micron Fields were selected where the cells 
were not in contact with each other, where they were uniformly distributed and 
where there was a minimum of distortion of their outlines At the outset of the 
study several curves were done by different observers as a check In the cases 
which came under personal observation curves were made at frequent intervals 
until the blood picture had returned to normal In several instances when the 
figures obtained from counting three hundred cells seemed open to question an 
additional three hundred cells were counted and the total figures divided by 2 

For controls, smears of cord blood taken at birth and peripheral blood taken 
four hours after birth were made on 5 normal newborn infants of mature weight 
(more than 2,500 Gm ) and the diameters of three hundred consecutive round 
cells per smear counted The combined results for the three thousand cells were 
reduced to a scale of three hundred cells for comparison Red cell counts and 
hemoglobin determinations were also made In addition, Price-Jones curves were 

4 This hypothesis had been previously advanced by Darrow (Icterus Gravis 
[Erythroblastosis] Neonatorum Examination of Etiologic Considerations, Arch 
Path 25 378 [March] 1938) on the basis of the clinical and pathologic e\idence 
but with no knowledge of the specific antibodies invoked 



MORPHOLOGY OF ERYTHROCYTES IN ERYTHRO- 
BLASTOSIS FOETALIS 

LIEUTENANT EDWARD H REISNER Jr 

MEDICAL CORrS, ARM\ OF TIIE UMTFD STATES 

Acute hemolytic anemias due to autoantibody leactions have been 
observed m human beings 1 and induced experimentally in animals 2 
Hematologic examination of the experimental animals has revealed a 
fauly consistent pattern of morphologic change During the initial phase 
of hemolysis, the mean cell diameter decreases and the mean cell volume 
inci eases, the cells assuming a spheroid shape Aftei several days the 
mean diametei rises above noimal with the simultaneous appearance of 
macrocytes, nucleated red cells and increased numbeis of reticulocytes 
At this time the Price- Jones curve is frequently bimodal, and Dameshek 
has stiessed this point as being of diagnostic import in such anemias 

The recent work of Levine and his associates 3 has shown that about 
90 per cent of infants with erythioblastosis foetahs have an antigen, 
designated as Rh, in then blood cells which is inherited from the father, 
piobably as a mendehan dominant character, and which the mothei 

From the New York Hospital and the Department of Pediatrics, Cornell Uni- 
versity Medical College 

1 (a) Dameshek, W , and Schwartz, S O Acute Hemolytic Anemia 

(Acquired Hemolytic Icterus, Acute Type), Medicine 19 231, 1940, (£>) The 
Presence of Hemolysins in Acute Hemolytic Anemia Preliminary Note, New 
England J Med 218 75, 1938 (c) Farrar, G E , Burnett, W E , and Steigman, 

A J Hemolysimc Anemia and Hepatic Degeneration Cured by Splenectonrv 
Am J M Sc 200 164, 1940 ( d ) Reisner, E H, Jr, and Kalkstein, 111 Auto- 

hemolysimc Anemia with Auto-Agglutination Report of a Case with Splenectonn, 
ibid 203 313, 1942 

2 (a) Price-Jones, C The Variation in the Sizes of Red Blood Cells, Brit 

M J 2 418, 1910 (b) Passey, R D , and Brame, J F C Variations m the 

Size of the Red Cells in Some Experimental Anaemias in Rabbits, Guy’s Hosp 
Rep 74 217, 1924 ( c ) Filo, E Anemies hemolytiques provoquees par le serum 

erythrolytique, Sang 10 178, 1936 ( d ) Dameshek, W , and Schwartz, S O 

Hemolysins as the Cause of Clinical and Experimental Hemoljtic Anemias, Am J 
M Sc 196 769, 1938 (<?) Tigertt, W D, and Duncan, C N Erythrocyte 

Morphology in Experimental Hemolytic Anemia as Induced by Specific Hemolysin, 
ibid 200 173, 1940 (/) Whipple, A O Observations on the Function of the 

Spleen with Reference to the Familial Hemolytic Anemias, paper read at the meet- 
ing of the New York Academy of Medicine, Section of Surgery, Feb 6, 1942 

3 Levine, P , Burnham, L , Katzin, E M , and Vogel, P The Role of Iso- 
immunization m the Pathogenesis of Erythroblastosis Fetalis, Am J Obst & Gynec 
42 925, 1941 
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was seveie, and the infants either were stillborn or died shoitly after 
birth The curves of the remaining 6 infants show ed peaks at 7 0 and 
84 microns (fig 1) 

There were 11 cases of icterus gravis, in 3 cases the infants were 
stillborn, m 1 death occuried at four days and in 7 the infants recovered 
One unclassified baby died the day after birth Of these 12 patients, 10 
showed a bimodal curve at 7 0 and 8 4 microns on the initial examina- 
tion of the blood, and for 1 such a cuive developed on the third dat of 



Fig 1 — Price-Jones curves (three hundred cells each) made on 12 infants 
with fetal hj drops (The dash line is a control curve ) 


life (case 5, baby I ) The curve for 1 (case 1, baby D ) was monophasic 
with a nnci ocytic peak at 5 6 microns This patient did not come under 
personal observation, so it was unknown whethei a bimodal cuive 
developed later, but a smear of blood taken after i ecovery was essentially 
noimal (table 2 and fig 2) 

In the 5 infants obseived until recoveiy a definite pattern can be 
demonstrated (figs 3 thiough 7) Both baby B (case 3, fig 3) and 
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made for 12 infants between the ages of 2 hours and 1 month suffering from 
prematurity and diarrhea (2), intracranial hemorrhage (2), asphyxia neonatorum 
(2), pyloric stenosis (1), pylorospasm (1), infection (3) and obstructive jaundice 
(1) Several of these infants (fig 9) had marked anemia In 2 instances Price- 
Jones curves for three hundred consecutive reticulocytes were made ' 

In 600 cases of marked erythroblastemia differential counts were made on one 
hundred consecutive nucleated red cells The cells were identified according to 
the classification advocated by Dameshek and Valentine® and Jones,® slightly 
modified as follows 

Proerythroblast This type of cell is large, with deeply basophilic cytoplasm 
containing one or more vacuoles and a lighter nucleus filling most of the cell, in 
which the chromatin is arranged in a uniform, scroll-like pattern, with several 
nucleoli 

Megaloblast A Only slightly smaller than the preceding cell, this type has 
a basophilic cytoplasm and a nucleus in which the chromatin is still scroll-like 
m character 

Megaloblast B In tins cell the cytoplasm is polychromatic and the nucleus 
is smaller The nuclear chromatin is clumped in coarse strands like a ball of 
yarn but is still less clumped than that in the corresponding cell of the normo- 
blast series 

Normoblast A The cytoplasm resembles that of megaloblast A, but the cell 
is slightly smaller, and the nuclear chromatin shows definite clumping 

Normoblast B The cytoplasm is poh chromatic, and the nucleus sho,ws a 
definite pattern of clumping, often resembling the spokes of a wheel (Rad kern) 
or a clock face 

Orthochromatic mixed group Since m the final stages of maturation it is 
often impossible to differentiate normoblasts and megaloblasts from each other, 
all orthochromatic nucleated red cells with pyknotic nuclei were arbitrarily placed 
in this group 

For the sake of consistency all patients who exhibited even a small amount 
of edema w r ere classified as ha\ing fetal hydrops and the remainder as having 
icterus gra\is, except for 1 infant (bab\ TH ), who exhibited neither edema 
nor icterus and is listed as unclassified 


.RESULTS 

There weie 12 cases of fetal hydrops, in 5 cases the infants were 
stillborn, in 4 they died shortly aftei birth and in 3 they lecoveied In 
all cases the Pnce-Jones cuive was bimodal at the time of the first 
examination of the blood In 6 instances the peaks weie at 84 and 9 8 
microns As can be seen from table 1, m all these cases the condition 

5 Dameshek, W, and Valentine, E The Sternal Marrow' in Pernicious 
Anemia Correlation of Observations at Biopsy with Blood Picture and Effects 
of Specific Treatment in Megaloblastic (“Liver-Deficient”) Hyperplasia, Arch 
Path 23 159 (Feb) 1937 

6 Jones, O P Cytology of Pathologic Marrow' Cells with Special Refer- 
ence to Bone Marrow' Biopsies, in Downey, H Handbook of Hematologv, 
New' York, Paul B Hoeber, Inc, 1938, io! 3, p 2045 
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bab) FL (case 4, fig 4) showed a definite peiponderance of maciocytfes 
at the outset but with appreciable numbeis of normal-sized cells As 
lecoveiy progiessed clinically, accompanied by the deciease m numbeis 
of nucleated led cells, the pioportion of maciocytes deci eased and that 
of noimocytes mci eased, the cuive becoming fiist plateau shaped on the 
light side and then monoapical With baby I (case 5, fig 5) the numbei 
of macioc) tes was so great that only a slight bioademng of the base of 
the cuive indicated the piesence of noimocytes on the first da\ of life. 



Fig 2 — Price-Jones curves made on 11 infants with icterus gravis and 1 infant 
with unclassified erythroblastosis foetalis (baby TH ) The dash line is a control 
cun e ) 

and on the second day a sjmmetiic macrocytic curve appealed On the 
succeeding day, howevei, theie was a marked mciease in the numbei of 
normocytes, and the curve became first biphasic and then monophasic 
and was well on the way to normal by the seventh day Baby FT (case 
6, fig 6) was not so sick as the others, and m his case the rapid restoia- 
tion of a normal curve, slightly on the microcytic side, is seen by the end 
of a week Baby WE (case 7, fig 7) showed a bimodal curve at the 
outset, with rapid increase of maciocytes and a giadual return towaid 



Table 1 — Pcitment Data on the Blood of Twelve Infants with Petal Plydiops* 




234 


Si\ hundred cells were counted 
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30 babies less than 48 horns old, and is less than van Cieveld’s figuie of 
80 nucions s The mean cell diametei of the coid blood was 7 4 7 micions 
and of the peripheral blood 7 41 micions 

In the 12 control curves (fig 9), although seveial of the patients 
showed marked anisocytosis, the distribution was usually fairly unifoim, 
and m no case uas the cuive biphasic 


Pyloric Stenosis 



Obslr Jaundice 



Empyema I mo 



Pylorosposm 
4wk. Hgb 7 0 
RBC 3.78 




i — i — -i — i — i — i 

Osteomyelitis 
3 *rk Hbg 14 0 
RBC St 



I I I — I — I l 
4 5 7 5 105 


Asphyxia 2 hr Asphyxia 2 days 

Hgb IB 0 RBC 6 43 Hgb IB.0 RBC 6 7 
NucL RBC 4/100 Nucl RBC 14/100 

WBC WBG 




Intracr Hemorrhage 
I day Hgb 13.8 
RBC 319 


Premature Sepsis & Intracr Hemorrhage 
Diarrhea 2 wk 2 days Hgb 16 0 




Balanitis 
3 wk Hgb 15 5 
RBC 5 6 


Prematurei Sepsis 
12 days Hgb 16 0 
RBC 4 5 



m — n — i 

4 5 7 5 10 5 



r I I I l 
4 5 7 5 10.5 


Fig 9 — Price-Jones curves made on 12 infants aged 2 hours to 1 month, suffer- 
ing from a variety of conditions 


COMMENT 

Fiom the foregoing matenal it became evident that patients with 
eiythoblastosis exhibited morphologic alterations in the red cells of the 
same general type as those seen m clinical and in expenmental auto- 
hemolytic anemias In 23 cases the Price-Jones cuives weie biphasic 
with macrocytic peaks, and in 1 case (1, baby D ) theie was marked 
nuci ocytosis The case recoid of this patient aids m inteipieting this 
curve (see appended case reports ) 

8 van Creveld, S Diameter of Red Blood Cells of Premature Infants and 
of Those Born at Full Term, Am J Dis Child 44 701 (Oct ) 1932 
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curve for the w hole gioup (thiee thousand cells) was monoapical, with 
a definite broadening of the base Cuives done on combined coid blood 
smeais and penpheial blood smeais coincided closel) The mean cell 



Fig 6 — Serial Pnce-Jones cm ves made on baby FT 


I day 






Fig 7 — Serial Pnce-Jones cur\es made on baby WE 



3 days 

Nucl RBC I8/IOO 
WBC 



42 70 9 8 


Fig S — Serial Pnce-Jones curves made on babj C 


diametei for the three thousand cells was 7 44 micions, which coincides 
closely with Silvette’s figuie of 7 45 microns, 7 loi six thousand cells in 

7 Silvette, H A Study of Erythrocyte Diameters in the Newborn, J Lab 
& Clin Med 13 245, 1927 
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laigei than the red cells into which they mature, 11 and undoubtedly they 
account for pait of the macrocytic cells in the present cases However, 
there is a wide disci epancy between the number of macrocytes predictable 
from the leticulocyte percentage plus the normal expectancy, and the 
actual numbeis For example, m the curve illustrated in figure 10 B 
the leticulocyte peicentage was 6 7, or twenty of three hundred cells The 
expected number of red cells 8 4 mici ons in diameter in a homogeneous 
cell population of noimal mean diameter has not been calculated How- 
ever, it can be l eadily seen that it should be such that when added to the 
number of i eticulocy tes the total number of cells 8 4 microns in diametei 
•would be far less than that obseived, ninety 




p 

Fig 10 — Price-Jones curves (three hundred cells each) made on erythrocvtes 
(solid line) and reticulocytes (dotted line) of 2 infants with erythroblastosis foetalis 

Moieovei, if the macrocytosis is due to reticulocytes, distiibution 
curves done on i eticulocytes should show more macrocytosis than those 
done on mature red cells Therefore, on two smears available in which 
the i eticulocytes were sufficiently numerous to count, such compaiative 
Price-Jones curves were made in the usual fashion The lesults (fig 
10 A and B) show that the reticulocytes do not follow the anticipated 
distribution It is likely that m some of the mildei cases with small 
maciocytic peaks the peaks lepiesent reticulocytes, but in more severe 
cases another explanation must be sought 

11 Persons, E L Studies of Red Blood Cell Diameter III The Relative 
Diameter of Immature (Reticulocytes) and Adult Red Blood Cells in Health and 
Anemia, Especially in Pernicious Anemia, J Clin Investigation 9 615, 1929 
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The title natuie of the illness of baby D was brought out by the 
transfusion with paternal blood, which, in the light of present knowledge, 
probably contained antigens against which the infant’s blood had anti- 
bodies, tiansmitted to it diaplacentally by the rnothei The resulting 
hemolysis was attested to by the fall in blood count and the rise in icteric 
index after transfusion At this time (Oct 3, 1937) the Pnce-Jones 
cuive showed a marked shift to the left (fig 2) The mean cell volume 
at the same time was 109 8 cubic microns, fiom which one may conclude 
that the cells weie smallei and roundel, and the smear revealed the 
piesence of sphencal nnciocytes wuth hypei chromatic centers in conti ast 
to the central palloi of the noimal erythrocytes present Spherocytes 
are moie fragile in hypotonic solution of sodium chloride, and this is 
i effected in the lesults of fragility' - tests done on this patient Whipple 2f 
has recently shown that the cause of splenic enlargement in expei nnental 
hemolytic anemia in animals is that the spherocytes, because of their 
mci eased volume, cannot pass through the stomas of the splenic venous 
sinuses fi eely This may explain the marked splenomegaly suddenly 
appealing at this time in this patient Finally, when another donor was 
used, the patient made a giadual reco\ery and at the end of tlnee months 
had a noimal red cell diameter, blood count, icteric index and red cell 
fragility' From these facts the possibility' of this being a case of familial 
hemoly'tic icteius seems definitely excluded Whether the pathologic 
cerebral condition latei uncoveied w r as in any w r ay related to the icterus 
giavis is puie speculation in the absence of autopsy ewdence of nuclear 
bile staining (kernikteius) 

Any natuial propeity of a homogeneous population can be expiessed 
as a function of tw'o dependent variables, x — (f) y This gives a simple 
binomial cuive in the shape of a paiabola The more cells one counts 
the closer the observed curve wull coincide with the expected curve of 
vanation When the obseived cuive, how'ever, coincides only' slightly 
oi not at all wuth the expected curve, one may' assume that one is dealing 
with a heterogeneous population Thus, the foregoing observations indi- 
cate the presence of three races of cells, each following a homogeneous 
pattein e g microcytes, noimocytes and macrocytes Obviously, to 
speak of a mean cell diametei m such a group is meaningless 0 

In analyzing the maciocytic cuives moie closely' the main question 
w'as the nature of the maciocytes The accepted view' is that they aie 
reticulocytes and immatuie cells which aie called forth in response to 
destruction of blood 9 10 Reticulocy'tes are known to be about I micron 

9 Price-Jones, C The Diameters of Red Cells in Pernicious Anemia and 
in Anemia Following Hemorrhage, J Path & Bact 22 487, 1922 

10 Wintrobe, M M Relation of Variations m Mean Corpuscular Volume 
to Number of Reticulocytes in Pernicious Anemia, J Clin Investigation 13 669, 
1934 Danieshek and Schwartz 1-1 Tigertt and Duncan 2e 
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The significance of megaloblasts is still a subject of conti o\eisv, but 
at present a majonty of investigators in this countiy and Europe incline 
to the opinion that they represent an abnormal type of eiythi opoiesis 
w Inch occuis m the absence of the hepatic erythiocyte matuiation factoi 1G 
The presence of megaloblasts m these smeais may similarly point to 
hepatic insufficiency as the major contributory cause of the maciocytosis 
m the cases with high macrocytic peaks This is not unexpected in view 
of the many othei evidences of hepatic damage m erythroblastosis foetahs. 



i 


Fig 11 — A smear of the cord blood of baby McK, showing several nucleated 
red cells and two megaloblasts (Wright’s stain, X 1,800 ) 

Other authors have previously mci lminated the livei Javei t showed that 
his patients with hydrops had extremely low levels of plasma pioteins, 
pi othrombin and fibrinogen The van den Berg reaction in erythioblas- 
totic patients is biphasic or direct Numerous necropsy repoits indicate 

16 Kato, K Monophyletic Scheme of Blood Cell Formation for Clinical and 
Laboratory Reference, J Lab & Clin Med 20 1243, 1935 Israels, M C G The 
Pathological Significance of the Megaloblast, J Path & Bact 49 231, 1939 
Wmtrobe, M M Clinical Hematology, Philadelphia, Lea & Febiger, 1942, p 59 
Dameshek and V alentine 5 Jones 6 
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The degree of reticulocytosis in eiythroblastosis foetahs lepoited by 
diffeient autliois vanes In Diamond, Blackfan and Baty’s 12 senes it 
was 8 to 20 pei cent, Hawksley and Lightwood 13 repoited figures 
langmg between 3 and 119 per cent on the initial smeai , Vogel 14 leported 
5 to 30 per cent, and in the cases leported by Javert 15 it averaged 7 1 
pei cent It appeals that the degiee of reticulocytosis is not as high as 
one usually encounters in othei hemolytic anemias with a comparable 
degree of blood destruction, and the possibility of mairow inhibition must 
be considered In the presence of macrocytosis the cause of inhibition 
might theoretically be a lack of the erythrocyte maturation factoi stored 
in the liver 

To investigate this point diffeiential counts were made on the 
nucleated red cells in the smears of 6 patients with seveie erythro- 


Table 3 — Diffei cniial Counts foi Nucleated Red Cells (One Ilundied Cells) jot 
Six Infants with Severe, Fatal Erythroblastosis Foetahs 
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blastosis, all of whom died The results have been tabulated (table 3) 
In all cases unmistakable megaloblasts were obseived (fig 11) Four 
of the 6 patients were examined at autopsy, and all of them showed 
vaiying degrees of hepatic damage, ranging from ciowdmg of the hepatic 
paienchyma by extramedullary hemopoietic centers to extensive hemor- 
lhagic necrosis (fig 12), cellular infiltration, fibrosis and heavy deposits 
of lion and of bile pigment 

12 Diamond, L K , Blackfan, K D , and Baty, J M Eiythroblastosis Fetalis 
and Its Association with Universal Edema of the Fetus, Icterus Gravis Neonatorum 
and Anemia of the Newborn, J Pediat 1 26 9, 1932 

13 Hawksley, J C , and Lightwood, R A Contribution to the Study of 
Erythroblastosis Icterus Gravis Neonatorum, Quart J Med 27 155, 1934 

14 Vogel, P Clinical and Hematological Aspects of Erythroblastosis Fetalis, 
read at a meeting of the New York Pathological Society, New Yoik Academy of 
Medicine, Jan 22, 1942 

15 Javert, C T Erythroblastosis Neonatorum, Surg, Grnec &. Obst 74 1, 
1942 



REISNER— ERYTHROBLASTOSIS FOETALIS 245 

Dai 1 ow 4 suggested that the observed hepatic damage could be 
explained on the basis of a hypothetic antigen-antibody reaction, citing 
the woik of Weil 19 and Dean and Webb , 20 who studied the changes in 
the liver in dogs during anaphylactic shock Darrow expressed the 
opinion that the erythioblastenna might be at least paitly attributable to 
mci eased hemopoietic activity in response to lower arterial oxygen ten- 
sion due to hepatic damage 21 Dean and Webb 22 showed that within 
two minutes after anaphylactic shock had been produced in the dog the 
number of nucleated erythrocytes m the blood underwent a marked 
mciease, as much as fort} times the normal number In a case of ana- 
phylaxis m man 23 Dean leported extensive hemorrhage and necrosis m 
the liver Moie lecently Haitley and Lushbaugh 24 have shown that 
focdl neciosis of the liver can be produced in sensitized labbits and 
guinea pigs by injecting sublethal doses of antigenic serum While these 
facts have a suggestive beaiing on the piesent pioblem, it is wise to be 
cautious m applying them to human pathology It i emains to be shown 
whether focal neciosis occurs m the liveis of animals gnen hemolyzmg 
antiseium In a patient with an autohemolysmic anemia Fairar and 
associates lc obsei ved severe hepatic damage, which unpi oved when the 
spleen was lemoved and hemolysis presumabl) stopped 

Since the discovery of the role of the liver in the pathogenesis of 
pernicious anemia many obsei veis have reported the piesence of macio- 
cytic anemia as an accompaniment of vanous types of hepatic disease 25 

19 Weil, R Anapln laxis m Dogs A Study of the Liver in Shock and in 
Peptone Poisoning, J Immunol 2 525, 1917 

20 Dean, H R , and Webb, R A The Morbid Anatonw and Histology of 
Anaphv laxis in the Dog, J Path & Bact 27 51, 1924 

21 Judd, E S , Snell, A M, and Hoerner, M T Transfusion for Jaundiced 
Patients, JAMA 105 1653 (Nov 23) 1935 

22 Dean, H R , and Webb, R A The Blood Changes in Anaphylactic Shock 
in the Dog, J Path & Bact 27 65, 1924 

23 Dean, H R The Histology of a Case of Anaphylactic Shock Occurring 
in a Man, J Path & Bact 25 305, 1922 

24 Hartley, G , and Lushbaugh, C C Experimental Allergic Focal Necrosis 
of the Liver, Am J Path 18 323, 1942 

25 Schulten, H, and Malamos, B Ueber Veranderungen dei roten Blut- 
korperchen bei Lebererkrankungen, Klin Wchnschr 11 1338,1932 Felhnger, K, 
and Klima, R Untersuchungen uber Anamien bei Leberzirrhosen, Wien klm 
Wchnschr 46 1191, 1933 Gamma, C Ueber Veranderungen der roten Blut- 
korperchen bei Lebererkrankungen, Klm Wchnschi 12 348, 1933 Chenev, G 
The Morphology of the Erythrocytes in Cirrhosis and Other Disorders of the Liver, 
California & West Med 39 90, 1933 van Duyn J, Jr Macrocytic Anemia in 
Disease of the Liver, Arch Int Med 52 839 (Dec ) 1933 Wright, D O 
Macrocytic Anemia and Hepatic Cirrhosis, Am J M Sc 189 115, 1935 Rosen- 
berg, D H , and Walters, A Macrocytic Anemia in Liver Disease, Particularlv 
Cirrhosis, ibid 192 86, 1936 Wintrobe, M M Relation of Disease of the Liver 
to Anemia, Arch Int Med 57 289 (Feb ) 1936 Schalm, L The Average Red 
Blood Cell Diameter in Liver Disease and Jaundice, Acta med Scandina\ 93 513 
1938 
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extensive hepatic damage 17 in cases of hydrops In these there is usually 
extensive and often almost complete necrosis of the hepatic parenchyma, 
whereas in milder cases of icterus giavis there is less severe necrosis, and 
m the mildest ones there are only slight evidences of hepatic cellulai 
damage Varying degrees of extramedullary hemopoiesis are observed 
m the livei in all types Several cases of poital cirrhosis in children 
who had recoveied from icteius giavis neonatorum are repoited in the 
literature 1S 



Fig 12 — A section of the liver of bab> TH , showing se\ere hemorrhagic 
necrosis, extramedullar} hemopoiesis and hepatic cellular degeneration (Hema- 
toxylin and eosin , X 450 ) 


17 Polayes, S H Pathology of Erythroblastosis Fetalis, read at a meeting 
of the New York Pathological Society, New York Academy of Medicine, Jan 22, 
1942 Parsons, L G , Hawkslev, J C , and Gittins, R The Hemolytic 
(Erythronoclastic) Anemias of the Newborn Period with Special Reference to 
Erythroblastosis of the Newborn, Arch Dis Childhood 8 159, 1933 Diamond, 
Blackfan and Baty 12 Hawksley and Lightwood 13 Javert 15 

18 Braid, F , and Ebbs, J H Atrophic Cirrhosis of the Liver Following 
Icterus Gravis Neonatorum, Arch Dis Childhood 12 389, 1937 
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against them aie pioduced These antibodies are tiansmitted diapla- 
centally to the fetus in which an antigen-antibody reaction takes place 
Hemolysis occurs, accompanied 01 followed by damage to the liver and 
perhaps to other oigans Dunng the phase of hemolysis the blood cells 
probably become smallei and spheioid in shape, but since this reaction 
occurs m lit ci a it cannot be demonstrated clinically Soon there is an 
adnuxtuie of laigei new cells in the blood stream which arise in the 
maiiow and the extiamedullaiy hemopoietic centeis If the degree of 
hepatic damage is severe, adequate fetal supplies of erytlnocyte matura- 
tion factor are not available and megaloblastic erythropoiesis takes place 
The less matuie the fetus the more marked this reaction is likely to be 
Javeit 15 has shown that babies with hydiops are usually premature, while 
the babies with icteius gravis are moie likely to be full teim This may 
be the explanation foi the generally larger cell diameters observed m 
some of our cases of hydiops (fig 1) Babies with stiong antigen- 
antibody leactions may have more severe hepatic damage and piesent 
the clinical pictuie of fetal hydiops , those with less severe reactions have 
icterus gravis, and those with the least severe reactions show only the 
effect of the blood destruction and their condition is called congenital 
anemia of the newborn 

* The possible implications of this woilc foi therapy are apparent, but 
too much should not be expected from livei therapy in patients with 
erythroblastosis According to most obseivers, the macrocytic anemias 
of hepatic disease do not respond well to injection of liver extract, 
although Goldhamer and associates 33 have reported 2 cases of macro- 
cytic anemia in cirihosis of the livei m which the response was good 
Then work suggested that acute hepatic damage may interfeie with the 
pioper utilization of liver extiact, aside fiom its possible effect on the 
storage of the erythrocyte maturation factoi Bernheim-Karrer and 
Grob 34 fed large amounts of liver dui mg the last ten weeks of pregnancy 
to a woman who had previously borne 2 erythroblastotic infants The 
infant was bom with a normal blood count and only mild icterus Javei t, 
on the other hand, has tried administering injections of liver extract to 
motheis ante partum, without affecting the outcome Other authois 
have also tried liver theiapy 3 "’ It must be lemembered that the blood 
destruction going on simultaneously with impaired legeneration in 
erythroblastosis militates against successful liver theiapy However, it 

J3 Goldhamer, S M , Isaacs, R, and Stuigis, C C The Role of the Livei 
in Hematopoiesis, Am J M Sc 188 193, 1934 

34 Bernheim-Karrer, J, and Grob, M Zur Prophylaxe des Icterus Neo- 
natorum Gravis, Ztschr f ICmderh 50 672, 1930 

35 Cooley, T B Round Table Conference on Diseases of the Blood and 
Hematopoietic System, J Pediat 1 635, 1932 Clifford, S H , and Hartig, A T 
Erythroblastosis of the Newborn, New England J Med 207 105, 1932 Hampson, 
A C Jaundice in the Newly Born, Practitioner 131 59, 1933 
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Macrocytosis has also been repoi ted m animals with expei mientally pro- 
duced hepatic damage 20 Bnese 2T admimsteied carbon tetiachlonde 
vapor to piegnant rats during their gestation period and observed a 
slightly larger cell diameter and volume and a lowei red cell count in the 
offspring, which she attubuted to the impaiiment of the maternal supply 
of erythiocyte maturation factor 

Wintrobe and Shumacker 2S shoved that the led cells in the maturing 
fetus exhibit changes sinnlai to those of led cells in a peison with 
pernicious anemia undei going liver therapy, e g, decreasing size and 
increasing numbei This woik was confirmed by Nishida 29 From this 
Wintrobe and Shumacker postulated that as the fetal liver matured, more 
eiythrocyte maturation factor was available foi hemopoiesis Since then 
various contradictoiy repoi ts as to the effect of liver extract on the cells 
of developing embryos have been made, but two recent studies b> Stasnej 
and Burns 30 and Jones 31 indicate that the maturation of fetal red cells 
may be -accelerated by the administration of both liver and gastnc juice 

With this review of clinical and experimental facts it is peihaps per- 
missible to foimulate a tentative explanation for the obseivations repoi ted 
m this paper Beanng in mind that the final vord has not yet been said 
on the subject of the Rh factoi, one may assume that the fetal blood in 
erythroblastosis foetahs contains antigens, inherited from the fathei, 
which the mother lacks One of these is Rh , another is hR, and there 
are probably others as yet undiscoveied Thiough a detect in the pla- 
centa fetal red cells enter the maternal circulation , 32 and antibodies 

26 Wintrobe, M M , and Shumacker, H B Morphologic Changes in the 
Blood Associated with Experimentally Produced Hepatic Damage, J Clin Investi- 
gation 15 455, 1936 Rodriguez-Molma, R Experimental Lner Damage Asso- 
ciated with Hematological Changes in Hogs, Puerto Rico J Pub Health & Trop 
Med 15 362, 1940 Higgins, G M, and Stasney, J The Peripheral Blood m 
Experimental Cirrhosis of the Liver, Folia haemat 51 129, 1934 

27 Briese, E The Effect on the Blood Cells of the Fetal Rat Produced b\ 
the Inhalation of Carbon Tetrachloride by the Mother During Gestation, Am T 
M Sc 195 787, 1938 

28 Wintrobe, M M , and Shumacker, H B Comparison of Hematopoiesis 
in the Fetus and During Recovery from Pernicious Anemia, J Clin Investigation 
14 837, 1935 

29 Nishida, K Entwicklungsgesclnchtliche Studie uber die Blutbildung des 
japanischen Embryos II Messung des Erythrozytendurchmessers in der Leber 
des Embryos, Nagasaki Igakkwai Zassi 17 929, 1937 

30 Stasney, J , and Burns, E L Influence of Active and Inactive Antianemic 
Principles upon the Erythrocytes of the Immature Opossum, Am J M Sc 203 
191, 1942 

31 Jones, O P Transmission of Antianemic Principle Across the Placenta 
and Its Influence on Embryonic Er 3 thropoiesis Quantitative Effects of Diet 
Containing Ventnculin, Arch Int Med 68 476 (Sept) 1941 

32 Javert has recently demonstrated hematomas m the placentas of erjthro- 
blastotic infants (Further Studies on Erythroblastosis Neonatorum of Obstetric 
Significance, Am J Obst & Gjnec 43 921, 1942) 
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Physical Examination — On admission the positive physical findings were poor 
activity and cry, moderate icterus and clonic twitches of the eyelids The head 
and the chest both measured 34 5 cm The eyes were somewhat slitlike, but 
there were no other signs suggestive of mongolism The conjunctivas were pale 
and the scleras icteric The heart and lungs were normal The edge of the 
liver was palpable 1 cm below the costal margin The reflexes were hyper- 
active The spleen was not palpable 

Laboiatoiy Data — The results of laboratory examinations of the blood have 
been tabulated as follows Nucleated 

Red Cells per 




Hemoglobin, 



100 White 

Blood count 

Date 

Gm /100 Cc 

Red Cells 

White Cells 

Cells 


9/30/37 

12 0 

3,480,000 

11,240 

1 


10/3/37 



26,000 

3 


10/4/37 

10 8 

3,100,000 

28,200 

6 


10/13/37 

12-6 

4,580,000 


0 


8/9/38 

13 0 

5,850,000 




Date 

Value 




Icteric index 

9/30/37 

125 





10/4/37 

150 





10/13/37 

34 





10/21/37 

9 




Mean cell volume 

10/3/37 

109 8 cu mm 



Reticulocj tes 

10/15/37 

7% 






Patient 

Control 

—A 



f 

Beginning 

\ 

Complete 

f 

Beginning 

Complete 


Date 

Hemolysis 

Hemolysis 

Hemolysis 

Hemolysis 

Red cell fragility in 

10/5/37 

0 50 

0 36 

0 42 

0 32 

hypotonic solution 

10/6/37 

0 60 

0 34 

0 42 

026 « 

of sodium chloride 

10/13/37 

0 44 

0 34 

0 44 

026 - 


8/11/38 

0 46 

0 36 

0 46 

0 36 

Culture 

10/1/37 

No growth 




Kline reaction 

10/1/37 

Negative 





These control values show an unusually low level of complete hemolysis and 
may represent errors in technic It is felt that they could not rightfully be 
omitted, however, and I do not believe they impair the significance of the values 
obtained with the patient’s blood 

Course of Illness — On the day of admission and on the following day the 
patient was transfused with blood of her father After the second transfusion, 
the temperature rose, she became deeply jaundiced and the liver and the spleen 
enlarged so that they were palpable 2 cm and 5 cm respectively below the 
costal margin This condition persisted for se\eral days, during which time 
several additional transfusions were given with^a different donor After this the 
icterus disappeared and the patient made an uneventful recovery and was dis- 
charged on October 25 In August of the following year (Aug 11, 1938) she 
was readmitted with convulsive seizures and failure to develop properly On this 
admission an air encephalogram showed cerebral cortical atrophy The blood 
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seems jeasonable to suggest injections of livei extiact as an adjuvant to 
transfusion therapy, paiticularly dui mg the recoveiy phase in patients 
with this disease 

Finally, the question is laised whethci hepatic damage may play a 
role in the pioduction of other maciocytic hemolytic anemias m human 
beings or m animals 30 

slmmary 

Pnce-Jones curves weie made on cord blood 01 penpheial blood in 
12 cases of fetal hydrops and 12 cases of icterus giavis at the onset of 
illness In 23 cases a chaiactenstic biphasic curve, consisting of a 
normocytic and a maci ocytic peak oi two macrocytic peaks, was observed 
In 1 case a monophasic nnci ocytic cuive was observed A blood smear 
m this case revealed the piesence of spherical microc) tes, but three 
months later the smear was normal 

The morphologic changes in eiyllnocytes in enthioblastosis foetalis 
resemble in some respects, those obseived in expenmental hemolytic 
anemias due to antigen-antibody reactions 

Examination of blood smears in 6 cases of set ere eiytlnoblastosis 
foetalis revealed varying numbeis of megaloblasts Postmoitem exami- 
nation m 4 cases levealed vaiying degrees of hepatic damage The sug- 
gestion is made that the presence of megaloblasts and the maciocytosis, 
in part at least, may be the lesult of deficient erytlnocyte maturation 
factor due to hepatic damage 

The blood destruction in this disease is believed to be best explained 
on the basis of an antigen-antibody reaction in the fetus, as suggested 
by otliei investigatoi s It is suggested that the hepatic damage may 
possibly be due to the same cause 

REPORT or EIGHT CASES 

Case 1 (fig 2) — Baby D, Jewish, was hospitalized from September 30 to 
Oct 25, 1937 

Faimhal Histoiy — The mother, aged 29, had had a thyroidectomy for exoph- 
thalmic goiter several years previously In 1936 she had borne a normal infant, 
who was living and well There was no history of jaundice in either side of 
the family 

Past Histoiy — The patient had been born one week before the expected date 
and weighed 4,000 Gm 

Present Illness — At birth the infant had been moderately icteric, and the 
jaundice persisted until admission On the sixth day of life she was listless 
and feeble The next day twitclnngs of the eyelids and the mouth were observed, 
and she was transferred to the pediatric w'ard 

36 Dyke, S C , and Young, F Macrocytic Hemolytic Anaemia Associated 
with Increased Cell Fragility, Lancet 2 817, 1938 Lambie, C G Macrocytosis 
in Hereditary Hemolytic Anemia (Alcholunc Jaundice) with Report of a Case, 
M J Australia 2 285, 1938 Watson, C J Hemolytic Jaundice and Macrocytic 
Hemolytic Anemia Certain Observations in Series of Thirty-Five Cases, Ann 
Int Med 12 1782, 1939 
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Physical Examination — Marked icterus of skin, cord and scleras was present 
The skm appeared generally puffy but did not pit on pressure It was covered 
with scattered fine petechiae The liver was palpable 3 cm below the costal margin, 
and the spleen, 2 cm below the costal margin 

Laboiatoiy Data— The results of laboratory examination have been tabulated 
as follows 
Urine on admission 


Color 

Reddish brown 

Albumin 

++ 

Red cells per high power field 

10-65 

White cells 

Occasional 

Granular cells 

Occasional 

Blood count 


Hemoglobin, Gm /100 cc 

12 0 

Red cells 

4,000,000 

White cells 

35,000 

Nucleated red cells/100 white cells 

54 

Icteric index 

107 

Prothrombin 

20% 

Rh antigen 

Present 

Kline reaction 

Negative 


Course of Illness — For the first two days he was gnen daily intramuscular 
injections of menadione (vitamin K) in oil and blood transfusions The blood count 
did not rise, the number of nucleated red cells increased slightly, and the icterus 
deepened Two more transfusions from another donor were given, and the number of 
red cells and the hemoglobin level increased and stayed up, and the nucleated red cells 
diminished in number and were not seen after February 15 Meanwhile, however, 
the jaundice deepened, the urine began to give a positive reaction for bile and the 
stools became light in color On February 19, the icteric index was 250 and 
the van den Bergh reaction was positive (immediate direct) After two weeks, the 
icterus gradually diminished, the urine became bile free and the stools became 
normally pigmented Recovery was retarded by an infectious diarrhea which w r as 
treated with sulfadiazine (2- [paraaminobenzenesulfonamido] -pyrimidine) Just 
before discharge the icteric index was 12 5 , prothrombin was 57 per cent, and 
bromsulphalem dye was absent from the blood thirty minutes after injection The 
hemoglobin level was 13 5 Gm per hundred cubic centimeters, and the red cell 
count was 3,580,000 on discharge on April 14 

Case 4 (fig 4) — Baby FL , Irish, was hospitalized from October 4 to Nov 
16, 1941 

Familial Histoiy — The mother, aged 31, was living and well, and her blood did 
not contain Rh antigen The father’s blood contained this antigen The first 
sibling was living and well Three siblings had died of erythroblastosis A fifth 
sibling, living and well, had been icteric at birth 

Past Histoiy — Pregnancy had been uneventful, lasting forty-three weeks The 
mother had received menadione for two weeks before delivery The weight at 
birth was 4,400 Gm 

Present Illness — The infant breathed poorly after birth and received 1 cc of 
menadione m oil 37 intramuscularly in the nursery A smear of blood at birth showed 
erythroblastosis, and the baby was transferred to the pediatric service 

37 The menadione in oil used in these cases contained 1 Gm of menadione m 
each cubic centimeter 
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count and the red cell fragility on this admission were normal Since her dis- 
charge on that admission she has not been seen again in the New York Hospital 
Children’s Clinic 

Case 2 (fig 2) — Bab) TH, Negro, was hospitalized Jan 26 and 27, 1942 
Familial History — The father, aged 33, was hung and well, and the Wasser- 
nnnn reaction of his blood was negatne The mother, aged 33, had been 
discovered to ha\e a positive Wassermann leaction in the seventh month ot 
pregnancy Since then she had been treated with sixteen injections of arsphen- 
amine and nine injections of a bismuth compound Her blood did not contain Rh 
antigen 

Past Histoiy — The infant had been delivered normally at full term The 
weight at bnth was 2,450 Gm The vernix caseosa was icteric The baby was 
slow to breathe and was transferred directly to the pediatric ward 

Physical Examination — The baby’s color, crj and activity were poor Scat- 
tered petechiae were present on face, scalp and neck The upper gum was cleft 
The lungs were clear The heart showed a soft sjstolic murmur The liver 
and spleen w ere both palpable 1 cm below the costal margin 

Laboiafot y Data — The lesults of laboratory examinations of the blood have 
been tabulated as follows 
Blood count 


Hemoglobin, Gm /100 cc 

20 0 

Red cells 

6,300,000 

White cells 

14,700 

Nucleated red cells/100 white cells 

500 

Wassermann reaction, 1 4 dilution 

++++ 

Prothrombin 

< 4<?o 

Culture 

No growth 


Cow sc of Illness — The night of admission the chest filled with rales, and the 
infant was put in an oxygen tent The next morning lie had several generalized 
convulsions, became cyanotic and died A roentgenogram of the long bones failed 
to reveal any evidence of syphilis of the bone 

Autopsy — The mam findings at autopsy were m the liver This organ was 
grossly enlarged and weighed 125 Gm The surface was dark purple red There 
was an increase of grayness m the cut section, and lobular markings were not 
visible Microscopically, the hepatic cells had lost their architecture, stained 
faintly and often showed disintegrated nuclei There were many red cells present 
in these areas The viable liver cells present showed extreme vacuolization 
There were small islands of er) thropoiesis (fig 12) The anatomic diagnosis 
included erv throblastosis foetalis and prematurity There was no evidence of 
congenital svphihs 

Case 3 (fig 3) — Baby B, Irish, was hospitalized from February 10 to Apnl 
14, 1942 

Familial Histoiy — The mother, aged 37, was living and well Her blood did not 
contain Rh antigen and she had anti-Rh antibodies The father was living and vv ell 
and his blood contained Rh antigen Four siblings w ere living and well There was 
no history of icterus 

Past Histoiy — The infant had been delivered normally at full term, after a 
normal pregnancy The weight at birth was 3,650 Gm 

Present Illness — On arrival in the nursery the infant was noted to be icteric 
and became more so during the next seven hours A smear of blood showed 
numbers of erythroblasts, and the infant was transferred to the pediatric seivice 
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perfoimed in another hospital, was said to reveal atelectasis There was no mention 
of erythroblastosis 

Past Histoiy — The infant was delivered by cesarian section three weeks after 
the expected date of confinement The baby breathed and cried poorly and was 
transferred to the pediatric service immediately after birth 

Physical Examination — The infant was small, weighing 2,550 Gm, with a good 
cry, no cyanosis and normal respirations The skm had an icteric tint, and there 
was slight edema of the eyelids The edge of the liver was palpable 0 5 cm below 
the costal margin , the spleen was not palpable 

Laboi atoi y Data — A blood count revealed 18 0 Gm of hemoglobin per hundred 
cubic centimeters, 6,400,000 red cells, 16,000 white cells and 32 nucleated white 
cells The next day the hemoglobin content remained the same, but the red cell 
count had fallen to 4,600,000, the white cell count had increased to 20,000 and 
there were 60 nucleated red cells per hundred white cells The blood contained hR 
antigen 

Coin sc of Illness — After a single transfusion of blood the nucleated red cells 
fell to 6 per hundred white cells and then disappeared entirely, and the smear, 
which had showed marked anisocytosis and polychromasia, became normal The 
icterus disappeared after the third day, and the baby was discharged from the 
nursery on February 18 

Case 7 (fig 7) — Baby WE, American, was hospitalized from April 23 to May 
22, 1942 (he was still in the hospital when this report was prepared) 

Famial Histoiy — The mother, aged 34, was living and well and did not have Rh 
antigen in her blood The father, aged 36, was living and well and had Rh antigen 
The mother had had a miscarriage at three months in 1932 One sibling, who was 
living and well, had been icteric for several days after birth in 1933 One sibling 
had died of erythroblastosis foetalis in 1940 

Past Histoiy — Pregnancy and delivery had been normal The mother had 
received menadione for several weeks prior to delivery The infant’s weight at 
birth was 3,340 Gm 

Picscnt Illness — Because of the family history the infant was transferred 
directly from the delivery room to the pediatric ward 

Physical Examination — Positive findings on admission included a soft blowing 
systolic murmur at the apex of the heart and a liver palpable 2 cm and a spleen 
palpable 1 cm below the costal margin There was no visible icterus on admission 
nor any petechiae or ecchymoses Neurologic findings were within physiologic 
limits 

Laboi atoi y Data — The results of laboratory examination of the blood have been 
tabulated as follows 


Blood count 

Hemoglobin, Gm /100 cc 
Red cells 
White cells 

Nucleated red cells/100 white cells 


4/23/42 5/19/42 

17 5 10 8 

5,000,000 2,660,000 

22,080 
15 


Rh antigen Present 

Kline reaction Negative 

Serum protein, mg /100 cc (4/25/42) 5 2 

Icteric index (5/4/42) 150 


Course of Illness — Shortly after admission jaundice appealed and steadily 
increased during the first ten days On the third day the infant was listless and 
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Physical Examination — The temperature was 37 C (98 6 F ), and the pulse 
rate was 120 per minute No icterus or edema was apparent seven hours after 
birth The cord was moderately icteric Positive physical findings were a liver 
palpable 3 cm and a spleen palpable 1 cm below the costal margin The infant 
became icteric during the first few davs of life 

Laboiatojy Data — A blood count revealed 16 0 Gm of hemoglobin per hundred 
cubic centimeters, 4,200,000 red cells, 11,800 white cells and 214 nucleated red 
cells per hundred white cells The blood contained Rh antigen and gave a negative 
Kline leaction 

Com sc of Illness — With repeated transfusions the infant did well except for 
occasional vomiting The number of red cells and the hemoglobin level tended to 
fall at first but were kept up with repeated transfusions Nucleated red cells 
disappeared after October 10 The infant was discharged on November 16 and w»as 
do, tig well when last seen 

Case 5 (fig 5) — Bab} I, Ameiican was hospitalized from October 18 to Nov 
16, 1941 

Familial Histoi v — The mother, aged 29, w r as living and well and did not have Rh 
antigen in her blood The father, aged 30, was living and w’ell and had Rh antigen 
One sibling, aged 17 months, w'as living and w'ell 

Past Histoi v — Pregnancy had been uneventful The infant’s weight at birth was 
3,040 Gm 

Picscnt Illness — The vermx caseosa and the amniotic fluid were noted to be 
yellow at birth The infant received 1 cc of menadione in oil intramuscularly on 
admission to the nursery Icterus w'as noted in the nursery, examination of a smear 
of blood and a blood count revealed the condition, and she was transferred to the 
pediatric service 

Physical Examination — Positive physical findings included deep icterus of 
skin, scleras and umbilical cord The liver w'as palpable 2 cm and the spleen 
1 cm below' the costal margin 

Laboiatoiy Data — The results of laboratory examinations of the blood have 


been tabulated as follows 

Blood count . 

Hemoglobin, Gm /100 cc 12 0 

Red cells 1,000,000 

White cells 28,000 

Nucleated red cells/100 

white cells 30 

Prothrombin 7 % 

Icteric index (10-20-41) 68 

Rh antigen Present 

Kline reaction Negative 


Com sc of Illness — The icterus w'as maximal on the second day and then faded 
Transfusions w'ere given on the first four days Nucleated red cells w'ere not 
seen after October 21, and the number of red cells and the hemoglobin content 
rose to normal levels by the time of discharge on November 16 

Case 6 (fig 6) — Baby FT , Jewish, w'as hospitalized from January 30 to 
Feb 18, 1942 

Familial Histoi y — The mother, aged 30, was living and well Her blood con- 
tained Rh antigen but not hR antigen In 1939 a full term infant had been delivered 
b\ cesarian section for fetal distress , the infant had died at the age of 1 day Autopsv, 
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Aulops\ — The significant observations post mortem included generalized, 
moderate icterus and kermcterus , hepatomegalj (weight of liver 200 Gm ) , 
plenomegaly (weight of spleen 36 Gm ) , partial atelectasis, hemorrhages in the 
gastrointestinal tract, lungs, kidnevs and adrenals, and pseudomembranous 
esophagitis 

Microscopic examination of the liver revealed numerous areas of eiythrogenu 
and mjelogemc hemopoiesis The parenchymal cells were moderately well stained 
with fair preservation of the architecture and occasional deposits of brown pigment 
Similar pigment was also observed in some of the Kupffer cells 
The final diagnosis was erjthroblastosis foetahs 
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spastic with opisthotonos, carpopedal spasm and muscular twilchmgs \ lumbai 
puncture revealed xanthochromic spinal fluid loaded with red cells At the same 
time the serum calcium level was 8 2 mg per hundred cubic centimeters Both 
menadione and calcium chloride were given intramuscularly, and the neurologic 
signs diminished in severity by the end of a week, but opisthotonos and hjpertonicity 
were still present On the seventh day of life, the stools became clay colored and the 
urine gave a positive reaction for bile This persisted for several da\s, after which 
the icterus gradually diminished in intensity During the first week of his illness the 
infant received daily blood transfusions After this they were gi\en only when 
the fall in the blood count indicated that hemolysis was proceeding By the third 
day nucleated red cells had disappeared from the peripheral blood The recover} 
v’as uneventful until the twentieth day, when diarrhea developed with an accom- 
panying fall in the red cell count to 2,660,000 At present he has recovered from 
this and is onty faintly icteric 


Case 8 (fig 8) — Baby C, American, was hospitalized from May 3 to 5, 1942 

Familial Histoiy — Both the mother and the father were living and well Rh 
antigen was present in the father’s blood but not in the mother’s The mother’s first 
pregnancy, with a different husband in 1938, had resulted m an inevitable abortion 
at five months Her second pregnane} , with the present husband, had been normal , 
the child was living and well Her present pregnancy had been uneventful 

Past Histoiy — Delivery had been normal, the infant’s weight at birth was 
3,400 Gm 

Picsent Illness — A few hours aftei birth the infant was noted to be icteric and 
was transferred to the pediatric ward 

Physical Examination — On admission the infant was deepty jaundiced, had a 
good cry and activity, but showed clonic twitchings of the lower extremities The 
reflexes were hyperactive The spleen was palpable 2 cm below the costal margin 
The liver was not felt The results of the remainder of the examination were 
irrelevant 

Laboiatoi y Data — The results of the laboiatory examination of the blood have 
been tabulated as follows 


Blood count 

Hemoglobin, Gm /100 cc 
Red cells 
White cells 

Nucleated red cells/100 white cells 


5/4/42 5/5/42 

14 5 110 

2,700,000 2,350,000 

15,500 

7 18 


Rh antigen Present 

Kline reaction Negative 

Serum protein, mg /100 cc SO 

Prothrombin < 2% 


Couise of Illness — On admission a transfusion of citrated bank blood was given, 
along wuth intramuscular injections of liver extract and menadione in oil (2 cc ) Ihe 
blood count rose temporarily after the transfusion but then fell, and the jaundice 
deepened On the morning of the third day the infant suddenly became diovvsy, 
spastic and cyanotic and seemed to be on the verge of respiratory failure Another 
transfusion and an infusion of solution of sodium chloride were gvien, m addition to 
stimulants and oxjgen, but the patient’s condition grew worse and he died late that 
afternoon, after vomiting some blood-tinged matter 



LINTZ — SPONTANEOUS MEDIASTINAL EMPHYSEMA 25 7 


phone when the level is moved up and down ” Lister’s 8 case is the 
first one to be reported in which the sounds appeared spontaneously 
while the patient was at rest Wolferth and Wood 0 observed a young 
man who had a spontaneous pneumothoiax and who apparentl) had 
had a “pencardial knock” In this instance the patient stated that a 
wrestling match had preceded the onset of precordial pam Fisher 1(> 
and Biermg 11 have described what they term spontaneous intei stitial 
and mediastinal emphysema m a newborn infant, but this has always 
been secondary to congenital atelectasis 

Hamman 12 in 1934 described 3 spontaneous occuriences of this con- 
dition under the heading of interstitial emphysema and discussed the 
differential diagnosis from coronary closure In 1937 Hamman 12 
reported 4 additional spontaneous occurrences of the syndrome In 
this paper he included 2 of his previously reported cases, omitting the 
one m which symptoms occui red after an operation on a paranasal sinus 
Hamman 14 added another case to his series in 1939 McGuire and 
Bean 1 gave a comprehensive review of the 8 cases of spontaneous 
mediastinal emphysema that had been reported previously and added 2 
of their own They noted that m 1 of their cases the emphysema had 
its onset fifteen minutes after a difficult labor and therefore could not 
be classified as occurring spontaneously In the other case that they 
lepoited the patient was a 17 year old gill, and the onset occurred when 
she was dribbling a basketball m a gymnasium Consideration of this 
case as one of spontaneous mediastinal emphysema might be questioned 
inasmuch as it occurred during exertion McGuire and Bean were the 
first to suggest that this entity be designated “Hamman’s disease ” 

Morey and Sosman 15 in 1939 added another case to this small series 
By roentgen study they were able to demonstrate the presence of a small 

8 Lister, W A A Case of Pericardial Knock Associated with Spontaneous 
Pneumothorax, Lancet 1 1225-1226 (June 16) 1928 

9 Wolferth, C C , and Wood, F C Angina Pectoris, M Clin North 
America 13 947-967 (Jan) 1930 

10 Fisher, J H Spontaneous Pulmonic Interstitial and Mediastinal Ephy- 
sema in an Infant, Canad M A J 44 27-29 (Jan ) 1941 

11 Biering, A Pneumothorax in Newborn Case of Pneumothorax with 
Congenital Atelectasis and Mediastinal Emphysema, and Some Remarks on Patho- 
genesis, with Special Reference to Importance of Congenital Atelectasis, Acta 
psediat 28 367-384, 1941 

12 Hamman, L Remarks on the Diagnosis of Coronary Occlusion, Ann 
Int Med 8 417-431 (Oct) 1934 

13 Hamman, L Spontaneous Interstitial Emphysema of the Lungs, Tr A 
Am Physicians 52 311-319, 1937 

14 Hamman, L Spontaneous Mediastinal Emphysema, Bull Johns Hopkins 
Hosp 64 1-21 (Jan) 1939 

15 Morey, J B , and Sosman, M C Spontaneous Mediastinal Emphysema, 
Radiology 32 19-22 (Jan ) 1939 



SPONTANEOUS MEDIASTINAL EMPHYSEMA 


ROBERT M LINTZ, MD 
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Mediastinal emphysema following stab wounds or othei trauma of 
the chest has long been recognized It has also been described as occur- 
ring secondary to violent coughing, bronchial asthma, artificial pneu- 
mothorax, pneumonia, difficult labor, straining at stool and other forms 
of extreme effort McGune and Bean 1 point out that Laennec 2 
described grating sounds and bubbling rales during respuation as 
diagnostic of subpleural and interlobar emphysema Skoda 3 subse- 
quently confirmed these signs, and von Rokitansky 4 descnbed the patho- 
logic aspects of the condition Mullei s noted the presence of bubbling 
crepitations that occuired with the heart beat and the occasional dis- 
appearance of cardiac dulness He observed that the presence of sub- 
cutaneous emphysema aided in making the diagnosis of mediastinal 
emphysema 

Rees and Hughes 0 in a i eport on wounds of the chest encountered 
dunng World War I noted loud "tapping” sounds over the cardiac 
area m 9 cases of rounds of the left side of the chest They observed 
that the sound continued even when the breath was held, although it 
Mas louder during inspiration , the sound was synchronous Mith the heart 
beat In some cases, the examiner could hear the noise several paces 
from the chest and patients at times were also aware of the sounds 
Smith 7 subsequently applied the term pericardial knock to this sound, 
comparing it to a “noise which may be heard in the ear-piece of a tele- 

From the Second (Cornell) Medical Division, Bellevue Hospital, and the 
Department of Medicine of Cornell Unnersity Medical College 

1 McGuire, J , and Bean, W B Spontaneous Interstitial Emphj sema of 
the Lungs, Am J M Sc 197 502-509 (April) 1939 

2 Laennec, R Traite de l’auscultation mediate, ed 3, Paris, J S Chaude, 
1831, vol 1, p 329, cited by McGuire and Bean 1 

3 Skoda, J Abhandlung uber Percussion und Auscultation, ed 4, Vienna, 
L W Seidel, 1850, p 276, cited by McGuire and Bean 1 

4 von Rokitansky, K Lehrbuch der pathologischen Anatomie, ed 3, Vienna, 
Wilhelm Brausmuller, 1856, vol 2, p 12, cited by McGuire and Bean 1 

5 Muller, F Ueber Emphysem des Mediastinum, Berl khn Wchnschr J25 
205-208, 1888, cited by McGuire and Bean 1 

6 Rees, W A , and Hughes, G S W ounds of the Chest as Seen at an 

Advanced Operating Center, Lancet 1 55-59 (Jan 12) 1918 

7 Smith, SMS Pericardial Knock, Brit M J 1 78 (Jan 19) 1918 


256 



LINT. Z— SPONTANEOUS MEDIASTINAL EMPHYSEMA 259 


the axilla finer ciacklmg sounds wei e audible These “boiler-like” sounds might 
be compared to the noise that one hears on ciumphng a handful of cellophane 
close to the ear and could be lieaid distinctly seveial feet from the patient’s chest 
The test of the chest was clear The heart was not enlarged, and it was not 
displaced either to the right or to the left There was a normal sinus rhythm, 
and no muimuis were heard At the time of this examination there was no 
correlation noted between the heart beat and the sounds in the chest The remain- 
ing results of physical examination were entirely irrelevant 

An hour after admission, examination of the chest showed a marked decrease 
in the intensity of the “boiler-like” sounds but many coarse ciacklmg noises were 
still heard over the same distribution and these seemed to be associated with the 
heart beat Two hours after admission, the “boiler-like” sounds had disappeared 
-completely and only a few crackles remained By the following morning, eighteen 
hours after admission, all that could be heard were a few crackling sounds over 
the precordium appearing only during diastole and heaid best with the patient 
lying on his left side The patient felt fine and because he had not had any pain 
■oi discomfort since the previous evening insisted on going home 

A roentgenogram of the chest taken at the time of admission showed a small 
pneumothorax at the apex of the left lung Other roentgenograms were taken 
in an effort to discover air in the mediastinum, but none could be made out 
Because of the patient’s short stay in the hospital, the laboratory examination 
ivas limited His hemoglobin concentration was 90 per cent (Sahli), and the 
white cell count was 19,500, with 93 per cent polymorphonucleai s and 7 per cent 
lymphocytes 

MECHANISM 

Macklm 20 has investigated extensively the mechanism of spontaneous 
mediastinal emphysema From expenmental work on cats he has been 
able to demonstrate that with increased mtrapulmonary pressure there 
is a distention of alveoli With this distention of alveoli there occur 
' many small tuptures in their floors, which overlie the small branches 
of the pulmonary blood vessels As the pressure continues, air is forced 
onward through artificial tunnels in the vascular sheaths toward the root 
of the lung and may break through into the mediastinum, distending the 
tissues with large blebs From this location the air may be forced upward 
into the root of the neck, the face, the axilla or the wall of the chest, or 
it may go foi ward between the parietal pleura and the pericardium At 
times the air in the perivascular sheaths may extend into adjoining con- 
nective tissue and dissect a path toward the pleura,’ where a bleb may 
form under the pleura, this bleb can luptuie and produce a pneumo- 
thorax Hamman 14 stated that m man the alveoli may rupture, even 
though they show no gross evidence of disease In view of this obser- 
vation of Hamman, it may be assumed that it is possible for the alveoli 
to ruptuie m the absence of recognizable mci eased mtrapulmonary 
pressure 

20 Macklm, C C Transport of Air Along Sheaths of Pulmonic Blood 
Vessels from Alveoli to Mediastinum Clinical Implications, Arch Int Med 
€4 913-926 (Nov) 1939 
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pneumothorax In 1941, 1 case of spontaneous mediastinal emphjsema 
was lepoited by Matthews, 10 Pinckne) 17 lepoited 2 cases and Caldwell 1S 
and Styion 10 lepoited 1 case each If one omits the case leported lw 
Wolfeith and Wood 0 and the 2 cases leported by McGuue and Bean 1 
because of the i elation to effort, theie are on record only 13 instances of 
this syndrome occurnng spontaneously It is of some significance that 
5 of them weie lepoited in the past year Because of the ease with 
which the diagnosis is made and because of the importance of difteien- 
tiating spontaneous mediastinal emphysema from \anous vascular acci- 
dents, it is deemed advisable to call attention again to this interesting 
S)iidrome and to add anothei case to the small gioup that has been 
repoi ted 

REPORT Or A CASE 

S T , a 22 year old automobile mechanic, was admitted to Belle\ue Hospital, 
Feb 21, 1941, complaining of severe pain of one hour’s duration in the chest on 
the left side At the time the pam appeared he was sitting quietly in a chair reading 
a newspaper, and he stated that he had not done any strenuous work during 
that day The pain w'as sharp and kmfelihe with a maximum intensity o\cr the 
lower antenoi portion of the chest on the left side from where it radiated straight 
through to the back The pain was made w r orsc by inspiration, and the patient 
had become somewhat short of breath He w'as brought to the hospital b\ car 
and when seen in the admitting office he stated that he heard noises m his chest 
which “sounded as if gears w'erc grinding together” His familial lnstorj and 
his past lnstoiy, including history of previous respiratory and cardiac disorders, 
were entirely irrelevant 

On admission Ins temperature w r as 994 F, respiration 18 per minute, pulse 
rate 90 per minute and blood pressure 130 systolic and 82 diastolic He w r as well 
developed and well nourished and w'as not m any acute distress unless asked to 
inspire deeply There w r as no dyspnea, oithopnea or cyanosis The skin was 
w'arm and of good turgor There w'ere no abnormalities of the head, eyes, ears 
nose or throat The trachea was m the midlme No emphjsema was noted m 
the tissues of the neck, but there w'as a definite area of subcutaneous emphysema 
over the lowei poition of the anterior w r all of the chest on the left side The 
expansion of the thorax was good and equal On placing the hand ovei the 
anterior aspect of the low'er ribs on the left side during deep mspnation it felt 
as if two sui faces were being rubbed togethei and then pulled apart The right 
hemithorax was clear to percussion and auscultation On the left side the chest 
w'as resonant throughout, but the percussion note over the piecordium seemed 
somewhat more resonant than usual Anteriorly from the left costal margin to 
the third rib “boiler-like” sounds of loud intensity weie heard, extending into 

16 Matthews, E Spontaneous Mediastinal Emphysema, New Orleans M &• 
S J 93 523-524 (April) 1941 

17 Pinckney, M M Mediastinal Emphysema and Idiopathic Spontaneous 
Pneumothorax, Virginia M Monthly 68 315-319 (June) 1941 

18 Caldwell, H W Spontaneous Mediastinal Emphysema, JAMA 
116 301-302 (Jan 25) 1941 

19 Styron, C W Spontaneous Mediastinal Emphvsema, New England J 
Med 225 908-909 (Dec 4) 1941 
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SUMMARY 

In this leport I have added another instance of spontaneous medias- 
tinal emphysema to the 13 22 previously l eported cases Half of these cases 
have been obseived by Hamman, and his description of this syndrome is 
classic He has emphasized the sudden onset of spontaneous mediastinal 
emphysema and the significance of the ciunchmg sound heard over the 
left side of the chest The experimental work of Macklin has been an 
outstanding contribution towaid the understanding of the mechanism 
and the pathology of this condition It is important to differentiate 
spontaneous mediastinal emphysema particularly from coronary disease, 
but the pictuie may also be confused with that of pericaiditis, ruptured 
or dissecting aneurysm and pulmonaiy embolus The reporting of 5 
cases of spontaneous mediastinal emphysema m the past year indicates 
that physicians are becoming aware of this pictuie and are prepared to 
recognize it The diagnosis of spontaneous mediastinal emphysema is 
paiticularly important m preventing an unnecessarily piolonged conva- 
lescence and in saving a patient from unneeded piecantions Undoubt- 
edly, as physicians become moie cognizant of tins syndiome the diagnosis 
will be made more frequently 

975 Park Avenue 

22 Since this papei was written, reports of 8 additional cases of spontaneous 
mediastinal emphysema have appeared, making a total of 22, including the case 
reported here These additional reports are as follows Griffin, R J A Diagnostic 
Sign of Interstitial Emphysema of the Mediastinum, Ann Int Med 17 295-297 
(Aug) 1942, Spontaneous Pneumothorax, Kentucky M J 39 284-288 (Aug) 
1941 Wolfe, B P Spontaneous Interstitial Emphysema of the Lungs, Ann Int 
Med 13 1250-1252 (Jan ) 1940 Murphy, J P , and Zeis, L B Spontaneous 
Interstitial Mediastinal Emphysema, J Missouri M A 39 5-7 (Jan) 1942 
Miller, J Spontaneous Interstitial Emphysema of the Lungs, Ohio State M J 
37 1056-1059 (Nov) 1941 
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CLINICAL FEATURES 

The distinctive sign of mediastinal emphysema is the crunching sound 
that is heard over the heart with each contraction This noise has been 
explained as being produced by the compiession of the air-filled medias- 
tinal tissues which lie between the heart and the anterior wall of the 
chest As has been stated, one can almost duplicate this sound by 
crumpling a handful of cellophane close to the ear To one who is not 
aware of the possibility of this condition, the nature of the onset may 
cause him to think of coronary occlusion, pericarditis, ruptured or dis- 
secting aneurysm or pulmonary embolus Only by a knowledge of the 
clinical picture of spontaneous mediastinal emphysema will the patient 
be spared an unnecessarily prolonged convalescent period and a grave 
prognosis The onset is sudden and terrifying to the patient The pam 
may last a few hours or several dajs 

The repoi ts of Hamman 21 have done much to bring this syndrome 
to the attention of members of the medical profession The laige num- 
ber of cases of spontaneous mediastinal emphysema encountered by him 
and the careful reporting of his observations have constituted a note- 
worthy contribution The following summary of important symptoms 
is taken from his most recent paper 14 on the subject 

1 Interstitial emphysema of the lung mav occur without the least effort, when 
the patient is quietly standing, sitting or lying dowm 

2 When the air reaches the mediastinum, distending the mediastinal tissues, 

the patient complains of pam which is often -very severe Usually the pain is 
located beneath the sternum , sometimes it radiates to the back [or] 

neck [or] shoulders, raiely to the arms 

3 There are no constitutional symptoms, no evidence of shock The tempera- 
ture, the pulse and respiratory rates, the blood pressure, the leucocyte count are 
very little if any altered [Other authors have reported an increased leukocyte 
count, such as occurred in my patient ] 

4 In many instances a peculiar and distinctive sound is heard over the heart 
synchronous with its contractions Usually the sound is heard only during systole 
but at times it may be heard also during diastole 

5 The area of cardiac dulness may be diminished or completely obliterated, 
the dulness being replaced by a hyperresonant percussion note 

6 Pneumothorax often occurs The pneumothorax is usually small and maj 
[be detected only by roentgen examination] 

7 The roentgenogram is a valuable aid in establishing the diagnosis [particu- 
larly in the absence of characteristic sounds over the heart The detection by 
a roentgenogram] of air m the mediastinum may be decisive 

8 When air appears in the subcutaneous tissues of the neck the diagnosis is 
at once assured 


21 Hamman (footnotes 12, 13 and 14) 
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•and Collip and co-workers 3 have claimed that this concept also applies 
to the secretion of the anterior lobe Howevei, since it has been pos- 
sible more recently to separate not only the piessor and the oxytocic 
principle from extracts of the postenor lobe but certain individual 
factors from extracts of the anterior lobe by mild, nonchemical pro- 
cedures, such as fractional adsorption and electrophoresis, doubt has 
been cast on the claim that these individual pi maples represent arti- 
ficial cleavage products Heller 4 has suggested that the pituitary 
principles may not be secieted singly but in groups Clinical evidence 
likewise suggests this mode of secretion 5 6 Tumors of any secreting 
cells of the anterioi lobe are associated with symptoms which suggest 
an abnormal secretion of constant groups of factors 

In spite of all this evidence, the question of whether the various 
types of pituitary cells are capable of secreting each factor singly or 
their secretion consists of large molecules having multiple activity, the 
action of which depends on the response of the effector tissue, still 
awaits final solution Isolation of the individual factors in pure chemical 
form plus more accuiate demonstration that they exist m the pituitary 
gland and m the body fluids in significantly different amounts will 
soon be accomplished, it is hoped 

THE ANTERIOR LOBE OF THE PITUITARY GLAND 

Sevrmghaus 0 has stated 

Among the disturbances of the several functions of the anterior lobe of the 
pituitary, only two are susceptible to treatment with any assurance of success at 
present These are dysfunctions m the supply of the growth-promoting and 
gonadotropic factors 

Many physicians doubt whether even these two disturbances can be 
treated with any assurance of success However, since these two factors 
have received most attention from investigators m the field of pituitary 
function, we shall consider them first 

THE GROWTH HORMONE OF THE ANTERIOR LOBE 

Experimental Aspects — Just as normal growth is dependent on a 
multiplicity of extrinsic factors, so also is it influenced by many 
intrinsic factors, more than one of the glands of internal secretion 

3 Collip, J B , and others Symposium The Anterior Pituitary Gland and 
Its N euro-Endocnne Relationships, Tr Am Neurol A 61 7-17, 1935 

4 Heller, H Multiplicity of Pituitary Hormones, Nature, London 147 178 
(Feb 8) 1941 

5 Cameron, cited by Heller 4 

6 Sevrmghaus, E L Dysfunctions of the Anterior Lobe of the Pituitary 
and Their Treatment, JAMA 116 221-225 (Jan 18) 1941 
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In recent years extensive expeiimental studies have been carried 
out in an attempt to delimit the functions of the pituitary body 
A bewildering an ay of data has been accumulated, this tiny gland has 
been reported to be intimately related to many of the phases of body 
metabolism and to nearly every other endocrine gland in the body 
An attempt to review fully each of the many phases of investigation 
which have been carried out would result only in confusion, both for 
the reader and for the reviewers Consequently, we shall mention 
only the recent work on the more clearly established functions of the 
pituitary gland which may be of clinical significance 

The large number of separate hormones postulated as being elabo- 
rated by the pituitaiy, particularly its antenor lobe, has for some time 
aroused skepticism among the investigators in this field Indeed, it 
does seem almost incredible that an organ the size of the pituitary 
gland, which has in its antenor lobe only two and in its postenor 
lobe only one type of acknowledged secretory cell, should elaborate so 
many different substances Some investigators, theiefore, have sug- 
gested that several or even all of the presumably individual hormones 
might represent cleavage products of largei moleculai compounds, 
that is, artefacts produced by the physical and chemical procedures 
employed in their isolation Abel and associates 1 fii st made this sug- 
gestion in connection with the secretion of the postenoi lobe Riddle 2 

From the Division of Medicine, Mayo Clinic (Dr Rynearson) 

1 Abel, J J , Rouiller, C A, and Gelling, E M K Further Investiga- 
tions on the Oxytocic-Pressor-Diuretic Principle of the Infundibular Portion of 
the Pituitary Gland II A Preliminary Therapeutic Study of the Active Principle 
of the Infundibular Portion of the Pituitary Gland in Four Cases of Diabetes 
Insipidus, J Pharmacol & Exper Therap 22 289-328 (Nov) 1923 

2 Riddle, cited by Heller 4 
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of the anteiior lobe On the othei hand, Maiks and Y oung 11 claimed 
that although msulm-mci easing (panel eatiopic) substance accompanied 
the gi owth-promoting factor in extiacts of anteiior pituitaiy, the two 
factors were not identical 

Ingalls and Hayes 12 attributed to the adicnal coitex the same lole 
in growth as Mirsky assigned to the pancreas They stated that 
atiophy of the adrenal glands, which has been shown to occui after 
hypophysectomy, may be the majoi factor m the interi uption of giowth 
which ensues, a marked failure of endochondial bone formation, similai 
to that which follows hypophysectomy, was demonstrated after ablation 
of the adrenal glands 

Shipley and Long 13 felt that the lcetogemc, diabetogenic and growth- 
promoting hormones might be identical Greaves and his associates 14 
recently suggested that not only the ketogemc but the lespiratoiy 
quotient-i educing factors were related to the growth hormone 

Clinical Aspects — Reviews of the clinical syndiomes presumabl) 
due to disturbances of the growth factor have been presented by Sev- 
rmghaus 0 and Wohl 15 Bnefly, these dysfunctions weie classified by 
these authors as follows 

Gigantism This condition presumably is due to excessive actir lty of 
the anterior lobe m stimulating growth during childhood and early 
adolescence As Sevnnghaus has pointed out, irradiation of the pituitan 
gland in childien with this condition with the view to reducing the stimu- 
lation to body growth is not to be recommended because of the possibility 
of interfering with othei functions of the pituitary In any event, an 
attempt to limit statute should not be made before the child has leached 
a height of at least 5 feet (152 cm ), since the excessive rate of growth 
may cease spontaneously at about that tune Epiphyseal union which is 
delayed may be hastened by the admimstiation of thyroid, estrogen oi 
androgen Many physicians, however, do not believe in any treatment 
for persons whose height is within reasonably normal limits 

11 Marks, H P , and Young, F G Hypophysis and Pancreatic Insulin, 
Lancet 1 493-497 (March 16) 1940 

12 Ingalls, T H , and Hayes, D R Epiphyseal Growth Effect of Removal 
of Adrenal and Pituitary Glands on Epiphyses of Growing Rats, Endocrinology 
29 720-724 (Nov) 1941 

13 Shipley, R A , and Long, C N H Studies on Ketogemc Activity of 
the Anterior Pituitary I Relation of Ketonaemia to Ketonuria in the Rat, II 
A Method for the Assay of Ketogemc Activity, III The Nature of the Keto- 
gemc Principle, Biochem J 32 2242-2256 (Dec) 1938 

14 Greaves, J D , Freiberg, I IC , and Johns, H E Preparation and Assay 
of Anterior Pituitary Fractions Rich m Ketogemc and Respiratory Quotient- 
Reducing Substances, J Biol Chem 133 242-259 (March) 1940 

15 Wohl, M G Diagnosis and Treatment of Anterior Pituitan Distur- 
bances, West J Surg 49 309-317 (June) 1941 
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have been shown to have definite lelations to growth Consequently , 
the claim that the pituitary gland elaborates a hoimone essential for 
growth has only graduall) gained validation There is still some 
question as to whethei the pituitary gland regulates giowth through 
the direct action of a “growth hoimone” or through an eftect on one 
01 more of the othei endocrine glands, the target organs, known to be 
influenced by the hypophysis The bulk of the evidence obtained to date 
seems to indicate that growth-stimulating extiacts of the anterior lobe 
of the pituitary gland do not obtain then result by vntue of their 
content of the foui well known principles affecting taiget organs 
(thyiotiopic, lactogenic, adienotropic and gonadotropic pnnciples 0 ) 
Reinhaidt and his co-woikeis 7 8 9 have leported that the thymus like- 
wise is not a taiget organ through which the effect of the growth 
principle is mediated Evans s has made the definite statement that 
the giowth factoi is “cleaily sepaiate from the target oigan hormones” 
He doubts, howevei, that “an equally decisive ansvei ’ can be given 
as to whethei 

the promotion of growth by anterior pituitaiy extracts is due to one or 
more of the incompletely separated metabolic “hormones” of the anterior lobe, 
1 e, the ketogenic, gljcotiopic, glycostatic, contramsular, diabetogenic, pancrea- 
tropic, nitrogen-retaining and other factors 

The exact mode of action of the giowth principle is still unknown 
Greene and Johnston 0 reported that balance studies of nitrogen, sulfur 
calcium and phosphorus made on 3 typical primal y pituitary du r arfs 
and on 3 nonpituitary dwarfs both before and after the administration 
of gi owth-promotmg extracts of the anterior lobe showed that the 
immediate effect w r as to decrease storage of these elements and the latei 
eftect was to mciease their stoiage Mirsky 10 suggested that extracts 
of the anterior lobe had two effects on protein metabolism, a direct 
one on piotein catabolism in the muscles and an mdnect one, mediated 
through the panel eas, stimulating protein anabolism Thus, the stimu- 
lation of growth depended on the panel eatropic action of the extracts 

7 Reinhardt, W O , Marx, W , and Evans, H M Effect of Pituitary 
Growth Hormone on the Thymectomized Rat, Proc Soc Exper Biol & Med 
46 411-415 (March) 1941 

8 Evans, H M Growth Hormone of the Anterior Lobe of the Pituitarv 
Gland, JAMA 117 287-291 (July 26) 1941 

9 Greene, J A, and Johnston, G W Pituitary Dwarfism Metabolic 
Changes by Extracts of Anterior Hypophysis in Primary-Pituitary and in Non- 
pituitary Dwarfs, J Clin Endocrinol 1 327-330 (April) 1941 

10 Mirsky, I A The Influence of the Anterior Pituitarj Gland on Protein 
Metabolism, Endocrinology 25 52-56 (July) 1939 
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Failure of the Antenoi Lobe to Secrete the Growth Pi inciple in Adult 
Life Such failure has not been associated with any definite syndrome 
The condition known as pituitaiy cachexia, or Simmonds’ disease, usually 
is assumed to be the result of complete destruction or degeneration of the 
antenoi lobe with failure of all of its functions We shall discuss this 
condition in gi eater detail under a separate heading 

Summaiy — In summaiy, then, we may say that experimental evi- 
dence points to a role of primary importance for the anterior lobe of the 
pituitaiy m noimal growth mechanisms, but it is not established definitely 
as yet whethei a single growth hormone or several f actoi s which influence 
target organs are concerned The clinical value of growth-piomotmg 
extracts of the anterior lobe of the pituitaiy gland is even more indefinite, 
and wide acceptance of these pi eparations as therapeutic agents of proved 
activity awaits the presentation of much more evidence than is now at 
hand 


THE GONADOTROPIC HORMONES OF THE ANTERIOR LOBE 

In oui discussion of gonadotropins we shall confine ourselves to a 
consideiation of those which aie obtained directly from the pituitary gland 
and those which are presumably of pituitary origin, extracted from the 
blood and the urme of noimal men and women and of women who have 
undergone the menopause Those gonadotropins which aie found m the 
body fluids in the presence of living chorionic tissue (during pregnancy) 
originate from the choi ionic cells and not fiorn the anterior lobe of the 
pituitary gland and do not belong in our discussion However, it should 
be noted that these chorionic gonadotropins have been shown to be much 
more active physiologically than are the available preparations of pitui- 
tary gonadotropins Consequently, they offer much more hope of exten- 
sive therapeutic usefulness than do the pituitary factors 

Expei imental Aspects — Several gonadotropins have been reported as 
being elaborated by the antenor lobe of the pituitary gland, but there is 
no general agreement as to their identity, with the possible exception of 
the so-called “follicle-stimulating” and “luteinizing” factors The evi- 
dence for the separate entity of these two factors is not completely con- 
vincing 

There can be little doubt, however, that the pituitary gland exerts a 
powerful influence on the gonads in both sexes and that, in turn, the 
gonads have definite effects on the anterior lobe Spaying m the young 
female animal is followed by cytologic changes in the anterior lobe of the 
pituitary gland , these changes can be reversed by the administration of 
estrogens In addition to the cytologic changes the amount of gon- 
adotropin present m the anterior lobe is increased after castration 
Furthermore, admimstiation of estiogens to young female rats pioduces 
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Aci omegaly Aciomegaly presumably is due to excessne secretion 
of the growth factor after epiphysial union has taken place If a tumor 
of the pituitary gland can be demonstrated and disturbances of the visual 
field exist, suigical intei vention is indicated In those instances in which 
a tumor is found but disturbances of vision have not occurred, irradiation 
of the lesion is often employed A trial of treatment with estrogens has 
been recommended by some investigators but has not met with encourag- 
ing success Experimentally at least, estrogens have been shown to 
inhibit function of the antenor lobe Not infrequently, the process bums 
itself out spontaneously 

Dwarfism Underactivity of the grow th-pi omoting hormone of the 
anterioi lobe of the pituitary gland during childhood has been claimed to 
be the cause of certain types of dwarfism characterized by infantilism, 
failure of the secondary sex chaiacters to develop, low basal metabolic 
rate and failuie of hair growth Picw iding othei causes for the failure to 
grow, such as pnmary hypothyroidism, can be excluded, treatment with 
aqueous pituitary extracts containing the growth factor may be employed 
Growth-promoting preparations at present aie geneially made from fresh 
or acetone-desiccated tissue from the anterior lobe of the pituitary The} 
usually are standardized by measurement of their capacity for producing 
growth in young hypophyseclomized or normal rats Although purified 
the best preparations of this sort cannot lay claim to being simple homo- 
geneous substances Because their action is brief, they must be given 
daily Evans 8 did not recommend the administration of crude extracts of 
the anterior lobe because not only must large quantities be employed but 
such undesirable consequences as gonadotropic and diabetogenic effects 
may ensue Sevrmghaus 0 advised against the use of desiccated thyroid 
with a preparation of the anterioi lobe of the pituitary containing the 
growth principle since the former substance tends to hasten epiphyseal 
closure 

Despite the difficulties encountered m the treatment of this type of 
patient a considerable number of such dwarfed children have been reported 
to have improved with treatment Most observers, hcnvever, have been 
disappointed with the clinical use of growth principle More extensive 
clinical use of this factor awaits the preparation of a purified preparation 
of the specific growth-promoting principle and moie convincing evidence, 
both experimental and clinical, of its activity Instances have been 
reported of acceleration of growth following the administration of “gon- 
adotropic” substances 16 

16 Dorff, G B Chorionic Gonadotropic Effects on Growth in Sexually 
Underdeveloped Older Boys, Am J Dis Child 60 1043-1057 (Nov) 1940, Rapid 
Growth in Height Produced by Chorionic Gonadotropin in a Dwarfed, Infantile 
Identical Twin, J Clm Endocrinol 1 940-944 (Dec ) 1 941 Shelton, E K 
The Clinical Aspects of Dwarfing, Endocrinology 30 1000-1014 (June) 1942 
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tois 22 have descubed what they claim to be nearly puie follicle-stimulat- 
ing substance, which m their experience stimulated follicular growth but 
did not produce an esti ogenic effect, as measured by uterine and vaginal 
changes 

In the hypophysectomized male rat the follicle-stimulating extract 
produces a reaction analogous to that m the female animal The epithe- 
lium of the seminiferous tubules is maintained or lepaned, and foimation 
of sperm appears However, the interstitial tissue of the testis lemains 
atrophic both histologically and functionally, as evidenced by the atrophic 
state of the accessory sex glands, the prostate gland and the seminal 
vesicles 

Pi oof of the occm lence of the so-called “luteinizing hormone” as a 
separate entity is particularly hard to obtain when its effect on the ovaiy 
of the lodent is studied Exponents of the dual hormone theoiy claim 
that this factor does not have any effect on the ovary of the hjpoph- 
ysectomized female rat, because luteinizing changes can be produced onh 
in follicles which have already ripened to a certain degiee If both 
the follicle-stimulating and the luteinizing factors are given simulta- 
neously, lutemization and sometimes ovulation results , the ovarian w eight 
increases beyond the sum of the increases produced by the two sub- 
stances separately, the so-called “augmentation phenomenon ” Those 
who deny the dual hormone theory point out that certain nonspecific 
substances (zinc sulfate and egg albumin) have been shown 23 to be moie 
effective in the production of this phenomenon when given in combination 
with follicle-stimulating substance to a female animal than is the luteiniz- 
ing substance itself 

A more distinct effect is produced in the hypophysectomized male 
rat by the luteinizing extract Its administration results in growth and 
functional activity of the interstitial cells of the testis, as indicated by 
their histologic appearance, as well as by the growth and development 
of the accessory sex glands, the prostate gland and the seminal vesicles 
presumably as a result of secretion of androgen The nonspecific sub- 
stances mentioned previously have not been shown to be capable of 
stimulating the effects of the luteinizing substance on the interstitial 
cells of the testis m the hypophysectomized male rat 

Greep 24 recently has added some evidence m favor of the two 
hormone theory He produced parabiosis of a hypophysectomized lmma- 

22 Shedlovsky, T , Rothen, A , Greep, R O , van Dyke, H B , and Chow, 
B F The Isolation in Pure Form of the Interstitial Cell-Stimulating (Lutein- 
izing) Hormone of the Anterior Lobe of the Pituitary Gland, Science 92 178- 
180 (Aug 23) 1940 

23 Saunders, F J , and Cole, H H On the Reliability of Present Methods 
for Characterizing Two Gonadotropic Hormones, Follicle-Stimulator and Lutein- 
izer, Endocrinology 23 302-317 (Sept) 1938 

24 Greep, R O Pituitary Function in Parabiotic Triplet Rats, Proc Soc 
Exper Biol & Med 44 214-217 (May) 1940 
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luteimzation m the ovanes Doisy 17 was of the opinion that tins effect 
may be due to the release of additional luteinizing principle by the 
anterior lobe 

In the male animal both functions of the testis, spermatogenic and 
endocnnous, aie induced by, and dependent for maintenance on, the 
gonadotropins fiom the anterior lobe of the pituitary 18 In turn, testic- 
ulai secretions limit the production by the pituitary gland of gonad- 
stimulating matenal Mooie 19 stated that seasonal testicular activity in 
animals “seems to be a pi oblem of pituitary activity ” 

The difficulty in cleat 1) separating the actions of each of the gonado- 
tropins of the anterior lobe is laigely the result of having to depend foi 
differentiation on biologic tests, which are complicated by lack of distinct 
end points Particulaily umehable, m the opinion of Engle and Levin - n 
are those results obtained on intact animals in which their own pituitaiy 
glands undoubtedly participated in the experiment These authors stated 
that only the hypophj sectonnzed rat or mouse affords standaid test 
conditions 

In the hj pophysectonnzed female lat the punfied follicle-stimulating 
extiact produces growth and development of numerous follicles, associ- 
ated with an increase in ovarian weight Some lm estigators have claimed 
that if it is completely separated fiom the luteinizing factor, the follicle- 
stimulating principle does not pioduce any changes of the type oidmarily 
attributed to the luteinizing factor Otheis have repoited that the best 
preparations of eithei factor if injected in sufficiently large doses or over 
sufficiently long penods will induce the changes usually ascribed to the 
othei Furthermore, by manipulating the rate at which the administered 
gonadotropin reaches the ovary the reactions ascribed to the luteinizing 
factor may be made to appeal or disappeai 

The follicle-stimulating factor has been reported to have a secondary 
effect, namely, the development of the secondary sex characters, presum- 
ably because of the secretion of estrogen by the developing follicles 
However, Gieep and his co-w r oikeis 21 and Shedlovsky and his collabora- 

17 Doisv, E A The Estrogenic Substances, JAMA 116 501-505 
(Feb 8) 1941 

18 Hamilton, J B Therapeutics of Testicular Dysfunction, JAMA 
116 1903-1908 (April 26) 1941 

19 Moore, C R Physiology of the Testis, JAMA 116 1638-1644 
(April 12) 1941 

20 Engle, E T , and Levin, L Gonadotropine of the Anterior Lobe of the 
Pituitary and of Chorionic Tissue, JAMA 116 47-52 (Jan 4) 1941 

21 Greep, R O , van Dyke, H B , and Chow, B F Separation in Nearly 
Pure Form of Luteinizing (Interstitial Cell Stimulating) and Follicle-Stimulating 
(Gametogenic) Hormones of the Pituitary Gland, J Biol Chem 133 289-290 
(March) 1940 



HILDEBRAN D-RYNE ARSON— . PITUITARY GLAND 


271 


Determination of the urinary content of gonadoti opms of human 
subjects has received wide attention, probably because dysfunctions of 
the reproductive organs are among the most common endocrine dis- 
tuibances encountered and because methods of bioassay for these prin- 
ciples are relatively simple Despite the fact that numerous reports on 
analyses of the urine for gonadotropins have appeared m the literature 
in the past few years, it is only recently that reasonably accurate data 
on normal subjects have been obtained 

Several years ago Katzman and Doisy 29 found that in children little 
or no gonadoti opic substance was excreted until the period just preceding 
the onset of puberty , at this period appi enable amounts could be found 
Witscln and Riley 80 found in assays of 100 pulverized, acetone-dried, 
human pituitaiy glands that those of children contained only small 
quantities of gonadotropic principle 

Earlier observations on noimally menstruating women indicated 
that excretion of gonadotropin was insignificant except during the period 
between the twelfth and the sixteenth day of the cycle, this peak of 
excretion was assumed to coincide with ovulation More recent data, 
however, indicate that an increased excretion of gonadotropins could be 
observed at any point during the menstrual cycle, although a consistent 
increase in output seemed to precede the establishment of the menstrual 
flow 31 D’Amour and associates 32 found several different types of 
cycle on daily tests for urinary gonadotropins during fifty complete 
menstrual cycles and concluded that either “ovulation may occur more 
than once during the menstrual cycle or ovulation is not directly 
dependent on the amount of gonadotropin in circulation ” 

Heller 33 has leported the results of assays for urinary gonadotropic 
substance during twenty-two complete menstrual cycles of 19 normal 
young women She found that this substance was excreted at low levels 
throughout the cycle Cyclic increases m the amounts excreted occurred 
in all but 1 case However, the pattern of periodic increased excretion 
of gonadotropin in the urine varied greatly not only as to time relations 
but as to the number and the magnitude of the peaks of excretion 

29 Katzman, P A, and Doisy, E A A Quantitative Procedure for Deter- 
mining Normal Excretion of Prolan, Proc Soc Exper Biol & Med 30 1188- 
1191 (June) 1933 

30 Witschi, E, and Riley, G M Quantitative Studies on the Hormones of 
Human Pituitaries, Endocrinology 26 565-576 (April), 1940 

31 Freed, S C Clinical Significance of Hormone Assays, JAMA 
117 103-110 (July 12) 1941 

32 D’Amour, F E , Funk, D , and Liverman, H Daily Gonadotropic Hor- 
mone Tests During Fifty Complete Menstrual Cycles, Am J Obst & Gynec 
37 940-946 (June) 1939 

33 Heller, E J Gonadotropic Hormone Urine Assays During the Men- 
strual Cycle in Normal Women, J Clm Endocrinol 1 813-820 (Oct) 1941 
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ture male lat and of a hypophysectomized immature female lat with 
a thud rat which had been castrated Ihus a pair of testes and a pair 
of ovanes were simultaneously subjected to the same gonadotropin in 
identical dosage Development of all the testicular elements was noted, 
whereas only follicular stimulation was found m the ovaries 

Further clanfication of the problem of the two gonadotropic hormones 
aw'aits the preparation of chemically puie substances, and recent woik 
indicates that w^e shall not have too long to wait Data which indicate 
chemical homogeneity have been reported for at least one preparation 
of the luteinizing factor by Shedlovsky and associates 22 Greep and his 
co-woikeis 25 have reported the preparation of pure luteinizing principle 
(metakentnn) and of pure follicle-stimulating principle (thylakentnn) 
Simpson, Li and Evans 20 have leported on the biologic properties of 
an interstitial cell-stimulating principle from the pituitaiy gland The 
preparation used was capable of maintaining spermatogenesis and activ- 
ity of the interstitial cells m the adult hypophysectonnzed male rat 

Assay of Urinary Gonadoti opms — Urinary gonadotropins can be 
assayed only by biologic methods the accuracy of which is dependent on 
cai eful conti ol of many factors Several methods are available 20 Drips and 
Osteiberg 27 have lepoited that the Frank method for measuring urinary 
gonadotropins was useful as an adjunct to clinical diagnosis of ovarian 
dysfunction In this method a combination of gross examination, includ- 
ing measuring the weight, of the uteri and the ovaries of the test animals 
with microscopic examination of the ovaries for evidence of follicle 
stimulation and luteimzation is employed Gustavson and D’Amour 28 
stated that the method which depends for its end point on vaginal 
cormfication m the test animal should be recommended most highly. 

25 Greep, R O , van Dyke, H B , and Chow, B F Gonadotropins of the 
Swine Pituitary I Various Biological Effects of Purified Thylakentnn (FSH) 
and Pure Metakentnn (ICSH), Endocrinology 30 635-649 (May) 1942 Chow, 
B F , van Dyke, H B , Greep, R O , Rothen, A , and Shedlovsky, T 
Gonadotropins of the Swine Pituitary II Preparation and Biological and Physio- 
Chemical Characterization of a Protein Apparently Identical with Metakentnn 
(ICSH), ibid 30 650-656 (May) 1942 Chow, B F Gonadotropins of the 
Swine Pituitary III Immunological Specificity of Swine Metakentnn, ibid 30 
657-661 (May) 1942 

26 Simpson, M E , Li, C H , and Evans, H M Biological Properties of 
Pituitary Interstitial-Cell-Stimulatmg Hormone (ICSH), Endocrinology 30 969- 
976 (June) 1942, Comparison of Methods for Standardization of Pituitary Inter- 
stitial-Cell-Stimulating Hormone (ICSH), ibid 30 977-984 (June) 1942 

27 Drips, D G , and Osterberg, A E An Evaluation of the Frank Method 
for the Determination of Prolan (Gonadotropic Principle) in the Urine of Non- 
pregnant Women, Endocrinology 23 703-710 (Dec ) 1938 

28 Gustavson, R G, and D’Amour, F E The Assay of Gonadotropins and 
of Gonadal Hormones, JAMA 117 188-193 (July 19) 1941 
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tois have failed to find increased excretion of this pi mciple m aged men 
with varying degiees of genital involution 36 

On the othei hand, Hamilton 18 leported that loss of testicular func- 
tion leads to increased secretion of gonadotropins by the pituitary gland 
and that determinations of urinary gonadotropin might serve to indicate 
whether atrophy or underdevelopment of the testis is primarily referable 
to testiculai hyposecretion oi is secondary to lesions m the pituitary 
gland 

Clinical Aspects — Sevimghaus has presented a summary of the clini- 
cal syndromes associated with dysfunctions m the supply of gonado- 
tropins Buefly, he outlined them about as follows 

Hypei secretion The only condition associated with excessive 
amounts of gonadoti opins of the anterior lobe of the pituitary body is 
the female climacteric Sevnnghaus has stated that there is no evidence 
indicating that the appeal ance of mci eased amounts of gonadotropin in 
the pituitary gland, blood and ui me of women undergoing the menopause 
“has any significance for the comfort oi health of the patient ” Complete 
relief of symptoms with the dose of estrogen usually employed, he stated, 
is not due to inhibition of the secietion of the antenoi lobe, since typi- 
cally high climacteric levels of gonadotropic substance in the mine 
may remain after clinical impiovement has occurred 

Other investigators, howevei, have conti adicted Sevrmghaus’ opinion 
on the relation between the excess secietion of gonadotropins by the 
pituitary gland and the symptoms of the menopause Kaplan 37 repoited 
that irradiation of the pituitary gland was an effective means of con- 
trolling the symptoms of the menopause He claimed that under such cu - 
cumstances “functional hyperplasia” of the cells of the anterior lobe 
existed and that irradiation reduced their activity Pendergrass, Hodes 
and Griffith 38 likewise reported beneficial results from irradiation of the 
pituitary glands of menopausal patients These observations await 
confirmation 

Lawrence and Moulyn 39 reported that the presence of excessive 
unnary gonadotropin was a good guide to the selection of patients who 
might be expected to respond favorably to estrogen therapy Only 48 
of 100 patients who came to them because of symptoms of menopause 

36 Leathern, J H , and Levin, L Gonadotropic Action of Normal Male 
Urine Extract on Ovaries of Normal and Hypophysectomized Immature Rats 
and of Immature Mice, Endocrinology 29 8-17 (July) 1941 

37 Kaplan, I I Irradiation of Brain Tumors at Bellevue Hospital, 1924- 
1939, Radiology 36 S88-S9S (May) 1941 

38 Pendergrass, E P , Hodes, P J , and Griffith, J Q Irradiation of 
Pituitary Gland m Posterior Lobe Hyperfunction Controlled by Biologic Tests, 
Am J Roentgenol 46 673-682 (Nov) 1941 

39 Lawrence, C H , and Moulyn, A C The Menopause Hormomc and 
Therapeutic Study, New England J Med 224 845-847 (May 15) 1941 
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observed She concluded that excretion of gonadotropins did not make 
a distinct pattern which might be classed as normal Consequently, 
she was' of the opinion that determinations of urinary gonadotropins 
would not be of any diagnostic value except in the extremes of gonadal 
dysfunction 

Although the exact natuie of the gonadotiopin excreted by normal 
women has not been established as yet, a limited study by D’Amour 3+ 
indicates that this substance is sinulai to that excieted after the meno- 
pause 

The findings m studies on nonpiegnant women with amenorrhea hate 
been more conclusive than those in studies on noi maily menstruating 
women It seems w r ell established that the w'oman with amenorrhea 
due to spontaneous ovarian failure or to surgical castration excretes an 
increased quantity of gonadotropin Salmon and his associates 35 detected 
an increase in urinary gonadotropin within three days after ovariectomy 
These findings coincide with the report of Witschi and Riley 30 that 
pituitaries fiom eldeily women and castrated persons showed the highest 
gonadotropic potency among the human glands studied 

In clinical expenence tests for urinary gonadotiopin in cases of 
amenorrhea have proved of value in determining whether the ovary or 
the pituitary is at fault If the failure to menstiuate is due to failuie 
of the pituitary, little or no gonadotropin wo 11 be excieted, if it is due to 
ovarian failuie, gonadotropin will occur in the urine in most instances 
and in many cases the amount will be increased 

Witschi and Riley leported that during the first penod of pregnancy 
the pituitary rapidly lost its gonadotropic potency , it regained it slowly 
toward the end of pregnancy and lapidly in the puerperium 

These same authors have reported that m the reproductive age 
groups the hypophyses of men contained four times moie gonadotropic 
principle than did the glands of nonpregnant women This report coin- 
cides with other reports in the literature winch indicate that normal 
men excrete somewdiat larger amounts of gonadotropin than do normal 
women However, the excretion in men does not appear to be cyclic 
Studies of the nature of this unnai y gonadotropin of noimal men indicate 
that it is similar to, or identical with, that excreted by ovanectomized or 
menopausal women Although increased amounts of gonadotropin have 
been shown to be excieted by postclimacteric women, several mvestiga- 

34 D’Amour, F E Qualitative Study of Normal Gonadotropins, Am J 
Physiol 127 649-653 (Nov) 1939 

35 Salmon, U J , Geist, S H , and Walter, R I Inhibitory Effect of 
Implanted Estrogenic Hormone Crystals upon Post-Menopause and Castration 
Hypophysis of Women, Proc So'" Exper Biol & Med 43 424-426 (Feb) 1940 
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chidism Infantilism, in which the testes fail to grow, has been treated 
with gonadotropic substances, with varying degrees of success In cases 
of so-called “adiposogenital dystiophy,” in which in addition to genital 
immaturity and infantilism theie is marked obesity, a dietary legimen 
alone 01 in conjunction with gonadotiopic theiapy may be tried In 
many instances a 1 eduction diet alone will produce satisfactory results 
Schwaiz, Newman and Baum 42 leported that m patients with this dis- 
order the administration of gonadotropic substances did not have any 
effect on the obesity, even though they induced genital development 
Treatment of ciyptoi chidism usually involves a combination of glandulai 
therapy with surgical procedures Thompson and Heckel 43 stated that 
glandulai therapy often enables the physician to determine whether opeia- 
tive proceduies will be necessary at an eaily age m the individual case 
In then expei lence chorionic gonadotropin has proved most satisfac- 
toiy If mechanical obstruction does not exist, the testis often will 
descend with glandular theiapy alone If the testis does not descend 
because of some obstiuction Thompson and Heckel aie of the opinion 
that glandulai therapy still selves the useful puipose of enlarging the 
paits and thus facilitating subsequent surgical pioceduie Counsellei 44 
lecommended that surgical tieatment be delayed in cases of ciyptor- 
chidism until puberty, since m many instances spontaneous descent of 
the testis will occur at oi near that time 

Of the gonadotropic substances available for the tieatment of these 
various “hypogonad states,” the chorionic gonadotiopm contained in 
piegnant male’s serum or the gonadotiopm in extracts of the antenoi 
lobe of the pituitaiy, both of which stimulate not only the interstitial 
but the speimatogenic tissue of the testis, are preferable Relatively laige 
doses at frequent intervals aie desuable 

Summary — The close l elation of the antenoi lobe of the pituitary 
gland to the gonads of males and of females is acknowledged but not yet 
clearly understood Urinary assays for excreted gonadotropins are 
valuable, paiticularly in the postchmacteric state, m which an excessive 
excietion may indicate that a favoiable response to estrogen theiapy 
will be obtained Treatment of hypogonadism of human beings of each 
sex with gonadotropic substances has been given lather extensive trial 
As yet the results which may be anticipated m a given instance cannot 
be predicted with any degree of accuracy 

42 Schwarz, H , Newman A B , and Baum, H Pituitary Function in 
Adiposogenital Dystrophy (Frohlich), Endocrinology 26 605-608 (April) 1940 

43 Thompson, W O , and Heckel N J Endocrine Treatment of Cryptor- 
chidism, JAMA 117 1953-1958 (Dec 6) 1941 

44 Counseller, V S Ten Years’ Experience m Management of Cryptor- 
chidism J Uiol 46 722-731 (Oct) 1941 
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had an excess of urinary gonadotropin , 90 per cent of this group were 
benefited by the administration of estrogens Of the remaining 52 
patients, who did not have an excess of urinary gonadotropin, only 25 
pei cent w ei e similarly benefited 

Hypogonadism in the Female When evidence of primary ovarian 
dysfunction or of disturbance of ovarian function by some pathologic 
process elsewhere m the body is lacking, ovarian hypofunction may be 
assumed to be the result of failure of the antenor lobe of the pituitary 
gland to secrete gonadotiopic substance Iiowevei, exact proof of this 
relation under such circumstances is not possible because of the present 
limitations in the accuracy of hormone assay 

A wide variety of clinical types of ovarian hypofunction has been 
descnbed This is not surprising when the three functions of the ovary, 
ovulation, production of estrogen and production of progesteione, arc 
considered The intensity and duration of disturbances of the last two 
functions may vary widely Further variables are the time and the 
magnitude of secretion by the antenor lobe of the pituitaiy gland of the 
two gonadotropic substances, the follicle-stimulating and the luteinizing 
principle 

Stimulation of the ovaries can be produced by the administiation of 
extiacts of the anterior lobe of the pituitary gland and also of concentrates 
fi om the serum of pregnant mares Sevnnghaus was of the opinion that 
the optimal time for a course of treatment with these substances is the 
first two weeks of the menstrual cycle Interruption of treatment is 
advisable, since one investigator at least has reported that continuous 
ovarian stimulation lesults m polycystic degeneration of the ovarian 
tissue 40 

Ornstem 41 recently reported that m 4 cases of the Loram-Levi type 
of hypopituitarism with amenoirhea, neither piegnant male’s serum 
alone nor m combination with gonadotropin fiom the anterior lobe of 
the pituitary gland was effective in inducing menstrual bleeding or in 
maintaining the secondary sex characters Cyclic utenne bleeding asso- 
ciated with changes in the secondary sex characters was induced in these 
cases by the continuous administration of estrogen, in the form of pellets 
of estradiol benzoate implanted subcutaneously, supplemented by regu- 
larly spaced periods during which progesterone was administered by 
mouth 

Hypogonadism m the Male This may occur as one of three funda- 
mental types, namely, infantilism, adiposogenital dystrophy or cryptor- 

40 Buxton, C L The Effects of Certain Gonadotropic Extracts on Ano- 
vulatory Cycles and Amenorrhea, Am J Obst & Gynec 42 236-241 (Aug ) 1941 

41 Ornstem, E A Management of Primary Amenorrhea in Hypopituitarism, 
J Clin Endocrinol 1 899-904 (Nov ) 1941 
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the babies veie removed fiom the bieast simultaneously with the admin- 
istiation of the hoimones Since the maintenance of lactation depends 
on the nervous stimulus of sucking, which maintains a high secietion of 
lactogenic hormone by the pituitary gland, 51 in the nonsuckled breast 
lactation soon might cease spontaneously without any endocrine treat- 
ment Abarbanel and Goodfriend 52 found in a study of 33 paitunent 
women permitted to nurse then babies dunng the administration of 
diethylstilbestrol that doses as high as 1 Gm failed to inhibit the onset 
of lactation and as high as 50 to 500 mg failed to inhibit established lac- 
tation Abarbanel 53 pointed out that the lelief of engorgement of the 
breast with estrogens and androgens was not synonymous with inhibition 
of lactation Painful engorgement of the bieast is not due to filling of 
the breast with milk but to lymphatic and venous stasis Few investiga- 
tors agiee about the degiee of suppiession of lactation which can be 
obtained with estrogen 

Meites and Turner 54 in expenments on rats found that the admin- 
istiation of laige doses of diethylstilbestrol and testosteione propionate to 
lactatmg mother rats for the first six days post partum did not decrease 
the lactogen content of the pituitary gland but actually inci eased it, at 
the same time the amount of milk in the mammary glands w j as i educed 
somewdiat Laige doses of diethylstilbestrol did not reduce the lactogen 
content of the pituitary glands of immature and of matuie male guinea 
pigs , actually it was increased Lewis and Turner 55 found that diethyl- 
stilbestrol increased the lactogen content of the pituitaiy gland of mature 
spayed rats (female) 226 per cent and even could initiate lactation 
Parturient rats which w'ere not suckled m the first week post partum 
had 50 per cent less lactogen m their pituitary glands than suckled lats, 
and their mammary glands w r ere practically devoid of milk 55 Meites and 
Turner suggested that suppression of lactation in some animals with 
estrogens and androgens might be due to a decrease in the secietion of 
hormones of the antei lor lobe of the pituitary gland othei than lactogen , 

51 Meites, J , Bergman, A J , and Turner, C W Relation of Size of 
Litter to A P Lactogen Content of Nursing Rabbit, Proc Soc Exper Biol & 
Aled 46 670-671 (April) 1941 

52 Abarbanel, A R , and Goodfriend, M J The Effect of Stilbestrol upon 
Lactation, Am J Obst & Gynec 40 1037-1046 (Dec ) 1940 

53 Abarbanel, A R The Effects of Testosterone Propionate, Methyl Tes- 
tosterone, Anhydro-Oxy-Progesterone and Progesterone upon Lactation in the 
Nursing Human Being, Am J Obst & Gynec 42 110-116 (July) 1941 

54 Aleites, J , and Turner, C W Studies Concerning the Alechamsm Con- 
trolling the Initiation of Lactation at Parturition II Why Lactation Is Not 
Initiated During Pregnancy, Endocrinology 30 719-725 (Alay) 1942 

55 Lewis, A A , and Turner, C W Effect of Stilbestrol on Lactogenic 
Content of Pituitary and Mammary Glands of Female Rats, Proc Soc Exper 
Biol & Aled 48 439-443 (Nov) 1941 
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HIE LACTOGENIC HORMONE Or HIE ANTERIOR LOBE 

ihe mechanism lesponsible foi the conti ol of the initiation of lactation 
at partuiition has long been a mysteiy Definite piogiess was not made 
m this pioblem until 1928 and 1929, when Stnckci and Giueter 4 ' 
announced the discoveiy of a factor pioduced by the pituitaiy (lactogenic 
pnnciple) which was capable of initiating lactation in animals the mam- 
mary glands of which had developed suitably This work has been amply 
confirmed Methods for obtaining the lactogenic pnnciple of the antenor 
pituitary (lactogen) in relatively pure foim have been densed 40 

Vanous hypotheses have been advanced to explain the absence of 
lactation duimg piegnancy and its initiation after parturition One 
which has been wudely held is that of Nelson, 17 who suggested that the 
laige amounts of estiogen piesent duimg pregnancy suppiessed lactation 
by inhibiting secietion of the lactogenic hoimone b) the anterior lobe of 
the pituitary or by dnect action on the mammaiy glands oi b) both 
He and many otheis have claimed that large doses of estrogen could 
eithei diminish oi completely suppress lactation in various animals 
Meites and Turner, 48 however, expiessed doubt that an examination of 
the hteiatuie will support these claims They pointed out that it has 
been shown 40 that wdien large amounts of estrogen are given to lactat- 
ing rats, a considerable amount of the hoimone may be excreted in the 
milk Since estrogen is known to have a deleterious effect on growth/ 0 
conclusions concerning suppression of lactation by estiogens based on 
decrease of the rate of growth of the young as a criterion of lactation 
may not be valid Furthermore, the validity of results obtained by 
adnumstiation of estrogen to human beings may be questioned, since 
in most of the attempts to inhibit lactation with estrogen and androgen, 

45 Strieker, P, and Grueter, F Action du lobe anterieur de l’hypophjse 
sur la montee laiteuse, Compt rend Soc de biol 99 1978-1980 1929, Recherches 
expenmentales sur les fonctions du lobe anterieur de l’hypophyse Influence des 
extiaits du lobe anterieur sur 1’appareil genital de la lapme et sur la montee 
laiteusse, Presse med 37 1268-1271 (Sept 28) 1929 

46 Bergman, A J , Houclun, O B , and Turner, C W Efficiency of Extrac- 
tion and Separation of Certain A P Hormones, Endocrinology 25 547-553 (Oct ) 
1939 

47 Nelson, W O Endocrine Control of the Mammary Gland, Physiol Rev 
16 488-526 (July) 1936 

48 Meites, J, and Turnei, C W Studies Concerning the Mechanism Con- 
trolling the Initiation of Lactation at Parturition I Can Estrogen Suppress the 
Lactogenic Hormone of the Pituitary? Endocrinology 30 711-718 (May) 1942 

49 Walker, S M , and Stanley, A J Effect of Diethylstilbestrol Dipropio- 
nate on Mammary Development and Lactation, Proc Soc Exper Biol & Med 
48 50-53 (Oct) 1941 

50 Nelson, cited by Meites and Turner 48 Hartman, C G , Geschickter 
C F , and Speert, H Effect of Continuous Estrogen Administration in Very 
Large Dosage, Anat Rec (supp ) 79 31 (March) 1941 
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exert important supplemental)' eftects on lactation, especially on the 
piecuisois of milk Alter lactation has been initiated, as mentioned pie- 
viously the stimulus of musing is of pnme impoitance in maintaining 
lactation, piobably tlnough a dnect action on the lactogen content of the 
pituitary r ‘ 1 

Low secretion of milk may be due not onl) to undei development of 
the breasts but to refiactoiiness of the pituitaiy gland to stimulation with 
estiogen 01 to insufficient estrogen at the time of paituntion 50 Lacto- 
genic hoimone oi extiacts of the whole pituitaiy gland have been tiled 
to mciease lactation, vaiying degrees of success hate been leported 
Diethylstfilbestiol has been used in animals to increase pioduction of 
milk 40 Moderate amounts of estrogen weie found to mciease lactation, 
whereas large doses deci eased it 

Meites and Turner suggested that assay of the mine foi lactogenic 
pi inciple might be useful foi detei mining whethei low secietion of milk 
by partunent women was due to failuie of secietion of lactogen by the 
pituitary gland 

Sunmuny — The extensive woilc of Meites and Tuinei and of othei 
mvestigatois has suggested that the lactogenic hoimone of the pituitaiy 
gland is the factoi concerned in both the initiation of lactation at paitun- 
tion and its maintenance throughout the nursing period However, the 
amount of lactogen secreted by the anterioi lobe appaiently is dependent 
both on endocunous and on neivous stimulation Dining piegnancy 
piogesteione appaiently ovei rides estrogen in respect to the lattei’s 
tendency to stimulate secietion of lactogen, consequently the laige 
amounts of estiogen in cn culation fail to induce copious lactation Aftei 
paituntion the latio of piogesteione to estiogen is alteied, so that the 
lattei exeits a dominant effect on the antenoi lobe of the pituitaiy, 
stimulating secretion of lactogen, which in tuin initiates lactation The 
results of attempts to stimulate lactation by admimstiation of lactogenic 
pi inciple aie unceitam 

THE THYROTROPIC HORMONE OT THE ANTERIOR LORE 

As long ago as 1888 00 it w r as icpoited that total thyi oidectomy 
resulted in hypertiophy of the pituitaiy gland in expenmental animals 
That this stimulation of the pituitaiy gland, and particulaily of its secie- 
tion of the thyi oid-stimulating (thyiotiopic) hoimone, occuis among 

59 Meites, J, and Turner, C W Studies Concerning the Mechanism Con- 
trolling the Initiation of Lactation at Paituntion III Can Estrogen Content 
Account for Precipitous Inciease in the Lactogen Content of the Pituitary Fol- 
lowing Parturition 7 Endocrinology 30 726-733 (Ma>) 1942 

60 Rogowntsch, N Die Vciandei ungen der Hypophyse nach Entfernung der 
Schilddruse, Beitr z path Anat u 7 allg Path 4 453-470, 1889 
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these hormones might influence the yield of milk through then action 
on the availability of the precuisois of milk m the blood 

Meites and Tuinei 60 explained that copious lactation is not initiated 
duiing the latter half of piegnancy in spite ot well developed mammaiy 
glands because the secretion of lactogenic hormone by the pituitary gland 
lemains at a low level, as low as that in the normal, nonpiegnant animal 
It is puzzling that dm mg pregnane} when large amounts of estiogen 
aie piesent m the cn dilation, the amount of lactogen m the pituitan 
should not mciease as it does aftei the administiation of estiogen 
Meites and Tuinei concluded that some factoi must be present duiing 
piegnancy which nullifies the stimulating effect of estiogen on the lac- 
togenic hoimone They suggested that this factoi is piobably pioges- 
teione, which is also present in laige amounts during gestation Experi- 
mental eudence indicates that if a piopei dose latio is piesent between 
the two hoimones, piogesteione can prevent the normal effects of 
estiogen Meites and Tui net obtained confirmatoi) evidence foi this 
hypothesis in expenments on immatuie female guinea pigs Piogesteione 
alone had no effect on the lactogen content of the pituitaiy gland, and 
estione (theelin) N N R alone mcieased this content Suitable com- 
binations of the tw’o substances either entnely prevented oi reduced the 
mciease in lactogenic hormone which could be obtained w’lth estione 
alone The authois stated that dining piegnancy lactation does not occm 
because the piogesteione-estiogen ratio w r as such that the progesteione 
oven ode the lactogen-stimulating effects of estiogen 

Within two to five days after paituntion the lactogenic hoimone in 
the pituitaiy glands of animals has mcieased 200 to 400 oi moie pei 
cent accoichng to Schilling and Laqueui 5T The amount of lactogenic 
pi maple encountered in the mine of pai tin lent women may be eight 
to sixteen times as much as ,can be demonstiated duiing piegnanc} 
Peterson ,b has suggested that the postenoi lobe of the pituitary gland 
may be the factoi lesponsihle foi the increased secietion of lactogen 
aftei paituntion Meites and Turner presented evidence to show that 
solution of postenoi pituitary U S P does not increase the lactogen 
content of the pituitaiy glands of animals They stated that estiogen 
w r as the inciting factoi at paituntion which increased the secietion of 
lactogen and initiated lactation Undoubtedly hormones othei than 
lactogen (fiom the paiathyioid glands panel eas and adienal glands) 

56 Meites, J, and Turnei, C W Extraction and Assaj of Lactogenic Hor- 
mone in Postpartum Urine, J Clin Endocrinol 1 918-923 (Nov ) 1941 

57 Schilling, W , and Laqueui , G L Thyroid-Ovarian Relations II The 
Effect of Castration and Replacement Therapy on Thyroid, Pituitaiy, Adrenal 
and Body Weight m Thyrohyperplastic Albino Rats, Endoci inology 29 103-107 
(July) 1941 

58 Peterson, W E, cited by Meites and Tinner’ 50 
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hypoth) toidism should suggest the diagnosis of hypopituitansm Con- 
firmatoiy laboiatoi) evidence of hypopituitarism includes a positne 
lesult of the salt deprivation test foi adi enocortical insufficienc), 
inci eased sensitivity to injected insulin, a negative lesult of the test for 
follicle-stimulating substance in the mine, low unnaiy content of the 
seventeen ketosteioids indicative in the female of activity of the adienal 
cortex, and low level of cholesteiol m the blood Treatment of patients 
with hypopituitarism with pituitaiy extiacts w^as of no benefit, but a 
legimen of injections of pregnant mare’s seium combined with added 
salt m the diet and small doses of desiccated thyroid resulted in con- 
siderable improvement 

Wilson 05 repoited that a considerable peicentage of middle-aged 
women suffering fiom neuromusculai pains, somnolence, loss of libido, 
low blood piessuie and moderately low basal metabolic rates with 
increased level of cholesterol in the blood could be leheved by injections 
of extiacts of the anterior lobe of the pituitaiy 

Lerman 00 reported that the thyiotiopic principle of the antenoi lobe 
was capable of pioducing thyioid hyperplasia and increased basal 
metabolic rates m animals, piesumably by direct effect on the thyroid 
cells Starr and Metcoff 07 claimed that a single subcutaneous injection 
of a pieparation of the anterioi lobe of the pituitary gland containing 
thyrotropic principle (antuitun-T) w r ould lesult in a significant increase 
in the mean height of the acinar cells within eight to sixteen hours , the 
effect persisted at least forty-eight horns after the injection Belasco and 
Muilm 08 found that m rats the administration of the thyrotropic factoi 
increased the weight of the thyioid in spite of concomitant loss in body 
weight Fuithermore, this factor greatly increased the rate of oxygen 
consumption m the thyroid tissue of old rats Thyroxin itself, on the 
contrary, depressed lespiration in the thyroid tissues and increased 
storage of colloid material in the thyroid cells The authors postulated 
that this last effect might lesult in loss of ability of the thyroid tissue 
to return to activity aftei cessation of thyroid medication They sug- 
gested that in cases in which the need for thyioid medication was only 
temporal y, intei nuttent injection of the thyrotropic principle supple- 
mented by doses of desiccated thyroid might be prefeiable to continuous 

65 Wilson, J A A Syndrome Responding to Parenteral Anterior Pituitary 
Extract, South Med & Surg 103 370-372 (July) 1941 

66 Lerman, J The Physiology of the Thyroid Gland, JAMA 117 
349-359 (Aug 2) 1941 

67 Starr, P , and Metcoff, J Rapid Response of Guinea Pig Thyroid to 
Single Injection of Thyrotropic Hormone, Proc Soc Exper Biol & Med 46 
306-308 (Feb) 1941 

68 Belasco, I J , and Murlin, J R Effect of Thyroxin and Thyrotropic 
Hormone on Basal Metabolism and Thyioid Tissue Respnation of Rats at Vanous 
Ages, Endocrinology 28 145-152 (Feb ) 1941 
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human beings is suggested by the uoik of Means' 4 lie found that the 
amount of thyiotiopic principle in the blood and urine was greatei in 
patients with m) xedema developing after thyroidectomy than that 
occuumg m the body fluids of noimal pci sons 0 

A pituitai) t\pe of myxedema, howeiei presumabl) caused by 
failure of the pituitai y gland to seciete the thyiotropic principle, has 
been lepoited by Means, Heitz and Lei man and also by Lciman and 
Stebbms 0 In the cases the) teported the myxedema-like pictuie was 
the piedominant fcatuie of pnmaiy pituitai y cachexia or Simmonds’ 
disease The clinical findings in these cases so closely lesembled those 
encounteied in patients who have pi unary hvpoth) 1 oidism that the tiue 
diagnosis was unsuspected until acute adienocoi tical insufficienc) was 
pi capitated b\ the admimstiation of desiccated thyroid At neciopsy in 
1 of these cases the chaiacteiistic changes of Simmonds’ disease, includ- 
ing atiophy of the pituitai y, the thyioid and the adrenal glands and 
ovanes, w r eie found Most authois agree that patients who have Addi- 
son’s disease tolerate thyroid medication poorly although Thompson 04 
has stated that coirectmg low r basal metabolic lates m patients with this 
disease with desiccated thyroid produced clinical impi o\ ement of the hypo- 
metabolism without aggravating the symptoms of adrenocortical insuffi- 
ciency His patients, howevei, w r eie receiving adequate treatment foi 
then Addison s disease at the time they were given the thyioid medica- 
tion In the cases of Simmonds’ disease u> which symptoms of adreno- 
coi tical insufficiency developed during treatment with desiccated thyroid 
the hypopituitarism had not been lecogmzed pieviously and hence treat- 
ment of the adrenocoi tical insufficiency had not been given In 1 case, 
reported by Lerman and Stebbms, in which this series of complications 
had developed during thyroid medication, the patient responded well to 
therapy directed toward the alleviation of the adrenocortical failuie 

These same authois pointed out that with the exception of the low 
basal metabolic late the signs of hypopituitarism, such as atrophic vaginal 
mucosa, infantile uterus, loss of libido, amenorihea, eunuchoid habitus 
m the male and scanty pubic and axillary ban point to the pituitary 
as the source of trouble The finding of hypotension instead of the 
normal blood pressuie or the hypertension ordinarily present in primary 

61 Means, J H Diseases of the Thyroid Gland, New England J Med 
221 820-825 (No\ 23) 1939 

62 Means, J H , Hertz, S, and Lerman, J The Pituitary Type of Mix- 
edema or Simmonds’ Disease Masquerading as Myxedema, Tr A Am Physicians 
55 32-53, 1940 

63 Lerman, J , and Stebbms, H D The Pituitary Type of Myxedema Fur- 
ther Observations, JAMA 119 391-395 (May 30) 1942 

64 Thompson, W 0 Addison’s Disease Recent Conti lbutions to Treat- 
ment, J Michigan M Soc 39 64S-653 (Sept) 1940 
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pei son, 01 (2) upset of the integiated conti ol of water balance by the 
thyioid and the pituitaiy gland Perhaps the so-called “ophthalmoti opic 
pi mciple is noimally concerned m the maintenance of watei balance 

THE ADRENOTROPIC HORMONE Or THE ANTERIOR LOBE 

The close relation between the anterioi lobe ot the pituitary gland 
and the adrenal cortex has alieady been mentioned in connection with 
the “pituitaiy type of myxedema ” In cases of this type atiophy of the 
adrenal glands with consequent adienal insufficiency duung the life of 
the patient piesumably is caused by failuie of the pituitaiy to seciete 
an adienotropic factor 

Stephens 72 repoited that in 6 of 7 cases in which clinical evidence 
of hypopituitarism ivas found on study with the standaid salt depi n ation 
test as outlined by Cutlei, Powei and Wildei, 7 ° concentiation of chloride 
in the urine was increased to a degiee similar to that which those 
authois had found characteristic ot achenocoitical insufficiency In 4 
of this group of 6 cases symptoms suggestive of acute adienocortical 
insufficiency developed during the couise of the illness and w^eie leheved 
piomptly by the intravenous administration of salt, dextrose and adieno- 
cortical extract In 2 cases theie w^as less tendency to exciete an excess 
of chlorides during the provocative proceduie following a legimen of 
added salt in the diet and injections of adrenocortical extract , in 1 addi- 
tional case the geneial clinical appeal ance of the patient improved 
consideiably on this regimen 

Stephens concluded that the clinical pictuie of chionic adrenocortical 
insufficiency frequently accompanied hypopituitarism , he 74 l ecommended 
that the salt deprivation test for the foimer be employed as a piecau- 
tionary measure prior to the administration of thyroid oi suigical pio- 
cedures in all cases in which pituitaiy failure is suspected 

In conti ast to the hypofunction of the adienal cortex in hypopitui- 
tarism, oi Simmonds’ disease, is the hyperfunctioning of the adrenal 
cortex which, according to Albright and Ins collaborators, 75 is always 

72 Stephens, D J Chloride Excretion m Hypopituitarism with Reference 
to Adrenocortical Function, Am J M Sc 199 67-75 (Jan ) 1940 

73 Cutler, H H , Power, M H , and Wilder, R M Concentrations of 
Sodium Chloride and Potassium in the Blood Plasma and Urine of Patients with 
Addison’s Disease Their Diagnostic Significance Proc Staff Meet , Mayo Clin 
13 244-249 (April 20) 1938 

74 Stephens, D J Pituitary and Adrenocortical Insufficiency The Use of 
Sodium Chloride in the Treatment of Hypopituitarism, J Clin Endocrinol 1 
109-112 (Feb) 1941 

75 Albright, F , Paison, W, and Bloomberg, E Therapy in Cushing’s Svn- 
drome Cushing’s Syndrome Interpreted as Hyperadrenocorticism Leading to 
Hypergluconeogenesis , Results of Treatment with Testosterone Propionate, T 
Clin Endocrinol 1 375-384 (May) 1941 
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thyioicl medication alone Piesumably this plan of tieatment would 
facilitate the subsequent lesumption of function b) the thyroid gland 

Seviinghaus, howevei, stated that in cases ot hypothyioidism it was 
not possible to obtain sustained thyioid stimulation wutli thyiotropic 
pi mciple Consequently, he did not think that 11 radiation of the pituitaiy 
gland was w r an anted m cases of h) pei thvi oidism in an attempt to i educe 
the amount of thyroti opic substance seci eted Chapman on recently has 
lepoited that the 1 espouse of the thxioid gland both of intact and of 
hypophysectomued animals to inadequate intake of iodine w r as similar 
In each instance the thyioid gland lesponded to the stimulus of low 
intake of iodine with an mu ease in weight an mu ease m the height 
ot the acinai epithelium and an mciease in vascularity Ihe authoi 
concluded from this evidence that the thyioid gland was able to lespond 
to the stimulus of low intake of iodine in the absence of the pituitaiy 
gland 

It has been lepoited on sexual occasions in the past and lecently 
confirmed by Uotila 70 that thyroid everted a depi essmg effect on the 
thyroti opic function of the antenoi lobe of the pituitary Means ' 1 
lepoited that the amount of tin loti opic pnnciple demonstrable in the 
blood and the mine of hypeitlrjioid patients was less than that found 
in noimal persons 

Fnedgood 71 reviewed the theones concerning the mechanism of 
exophthalmos in cases of pai encln matous hvpeiplasia ot the thyroid 
gland He concluded that edema of the oibital tissues was the most 
likely explanation and that its pioduction was 1 elated to the thyiotropic 
activity of the antcrioi lobe of the pituitaiy gland In experimental 
animals injections of extiacts of the antenoi lobe pioduced an orbital 
edema which v r ent through two phases, one of which was ie\eisible and 
the second of which vxis nrexeisible He suggested that the leveisible 
phase wxis the type oidmaril) encountered in exophthalmic goiter The 
11 leveisible phase is encounteied iarel) in the early stages of exoph- 
thalmic goitei and infi equently as a postopeiative complication theieof 
Friedgoocl ofifeied two explanations of the cause of the postoperative 
oibital edema ( 1 ) w lthdnnval of the noimal mlnbitoi (thyioid secie- 
tion) of excessive secretion of the thy i otiopic and a separate pnnciple 
of unknown natuie, the exophthalmos-pioducing (ophthalmotiopic) fac- 
toi, which piobably does not exist as such m the pi tin tan of a normal 

69 Chapman, A The Relation of the Thyroid and the Pituitary Glands to 
Iodine Metabolism, Ti Am A Stud} Goiter, 1941, pp 169-175 

70 Uotila, U U The Regulation of Thyroti opic Function by Tin roxin 
After Pituitary Stalk Section, Endoci inology 26 129-135 (Jan) 1940 

71 Friedgood, H B Clinical Applications of Studies in Experimentally 
Induced Exophthalmos of Anterior Pituitaiy Origin, J Clm Endocrinol 1 804- 
812 (Oct) 1941 
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Pituitaiy cachexia usually ends tatally, although it may lun a long 
couise In Escamilla and Lisser’s senes the couise was from thirty to 
foity years These authors doubted whether true pituitaiy cachexia 
can be benefited matenally by any form of therapy, foi although “the 
duration of life may have been prolonged m a few of these patients by 
glandulai therapy, in many of them, it was of no help whatever ’ 

However, in 60 per cent of cases in which the clinical pictuie was typical, 
although pathologic investigation was not earned out, a variety of 
endocrine products (pituitarj'’ extracts, thyroid, adrenal, ovanan and 
testiculai extracts, insulin, and so forth) produced lemaikable impiove- 
ment In these cases unintentional psychotherapy, spontaneous resump- 
tion of pituitaiy function or coincidence may have accounted for some 
of the improvement seen Indeed, maiked improvement m these cases 
suggests a diagnosis of anorexia nervosa, particularly when the picture 
is piedominantly that of marked loss of weight and low basal metabolic 
rate in a young unmarried and nulliparous female 

Smith 77 has suggested two diagnostic pi ocedui es which may be 
helpful in the differentiation of anorexia nervosa and pituitary cachexia 
He employed a combination of the insulin tolerance test and an assay 
of the urine for seventeen ketosteroids in making the distinction In 
pituitaiy cachexia a characteristic curve was obtained after injection of 
insulin, after a normal initial decrease in blood sugai, a failure or a 
delay in the usual spontaneous return of the blood sugar to normal 
Occurred Since approximately half of the patients with conditions othei 
than primary pituitary cachexia (such as Addison’s disease, severe 
hepatic disease and severe malnutrition) may have insulin tolerance 
curves of similar form, assay of the urine foi the seventeen ketosteioids 
is a necessary adjunct to diagnosis In all but 1 of 10 cases of Simmonds’ 
disease this assay yielded negative results, whereas m cases of other 
conditions normal or near normal results were obtained 

cushing’s syndrome 

Aside from the reports of additional cases of this syndrome, few 
contributions to the subject have been made in the recent literature 

Albright and his associates 75 claimed that m Cushing’s syndrome 
many of the symptoms and signs were due to hyperglyconeogenesis from 
body piotems, which produced not only a decreased tolerance for 
dextrose but a deci eased availability of ammo acids with which to build 
protein They stated that this lack of protein accounted for insulin 
lesistance, mild diabetes, muscular weakness, amenouhea, impotence, 
atrophy of the skin and of the walls of the small vessel and osteopoiosis 

77 Fraser, R , and Smith, P H Simmonds’s Disease or Panhypopituitarism 
(Anterior) Its Clinical Diagnosis by the Combined Use of Two Objective Tests 
Quart J Med 10 297-330 (Oct) 1941 
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associated with the Cushmg syndrome This syndrome which may be 
associated with a basophilic adenoma of the pituitaiy gland or with an 
adenoma 01 caicinoma of the adienal coitex, wall be discussed under 
a sepai ate heading 

No clinical trials of extracts of the anterior lobe of the pituitary 
gland containing the adrenotropic factor have been lepoited in the recent 
litei ature 

SIMMONDS’ DISEASE, OR PITUITARY CACIIEXIA 

Many instances of failure of the pituitary gland, 01 Simmonds’ dis- 
ease, have been reported, but no general agreement concerning its 
causation or its treatment has been leached This diversity of opinion 
is due partly to the fact that occasionally typical clinical cases may be 
encounteied in wdnch necropsy fails to leveal pathologic changes in the 
pituitary , the opposite also is found , that is, complete destruction of the 
pituitary may be discovered at necropsy in a case in which few T or none 
of the phenomena generally associated wnth pituitaiy cachexia had been 
exhibited Fuither confusion is added by the fact that Addison’s disease 
rarely and anorexia nervosa fiequently simulate closely the clinical 
appearance of true pituitary cachexia 

Escamilla and Lisser 7C recently published a statistical analysis of 
595 cases of Simmonds’ disease, in 101 of which the diagnosis was 
proved by pathologic examination They included in their paper an excel- 
lent review^ of the literature to date These authors considered four 
cardinal symptoms to be necessary for a clinical diagnosis of Simmonds’ 
disease, namely (1) loss of weight, (2) loss of sexual function, (3) 
asthenia, and (4) a low basal metabolic rate (less than — 20 per cent) 

Escamilla and Lisser’s study revealed that the disease was more 
frequently encountered among women than men, duiing adult life Of 
paiticular etiologic significance they considered (1) infectious processes 
(in 13 of the 101 pathologically confirmed cases the onset of the disease 
apparently followed or coincided with an infectious process) and (2) 
pregnancy (which apparently was of even gieatei etiologic significance) 
Piegnancy occurred just before the onset of symptoms in 42 per cent 
of 67 pathologically verified cases of the disease among women In more 
than half of these instances abnormal hemorrhage occurred immediately 
after parturition The pituitary is known to undergo rapid involution 
post partum, presumably, in part at least, because of a reduction in the 
blood flow to the gland The authors postulated that if this reduction 
m blood flow were aggravated by a sudden fall m blood pressure due to 
hemorrhage, thiombi might be precipitated in the sinuses of the gland 
and infarction and necrosis might follow 

76 Escamilla, R F , and Lisser, H Simmonds’s Disease A Clinical $tud\ 
with Review of the Literature, Differentiation from Anorexia Nervosa bv Statis- 
tical Analysis of Five Hundred and Ninety-Five Cases One Hundred and One 
of Which Were Pro\ed Pathologically, J Clin Endocrinol 2 65-96 (Feb) 1942 
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The authois concluded that hypophysectomy lesulted m alteiation both 
in the seium albumin and m the serum globulin because of removal of the 
adi enotropic and the thyrotropic hormones, respectively 

Sutton 81 repotted 6 cases of advanced pellagia in which eithei great 
impiovement or complete lecoveiy occuned from injections of extracts 
of antenor pituitary Stopping the admmistiation of the pituitaiy extiact 
resulted in relapses Furthermore, administration of pituitaiy extracts 
produced marked clinical improvement in alcoholic polyneuntis and 
cheilosis even in the absence of an adequate intake of the vitamin B 
complex In some cases of achylia m association with pellagia tieatment 
with anterior pituitary extract resulted in a return of gastnc secretion 
Pmified extracts containing the gonadotropic or the growth pi mciple 
were almost as effective as the whole pituitaiy extiact In some ot the 
cases of pellagra lecovery took place after the patient had failed to 
lespond to therapy with niacin (nicotinic acid), riboflavin, liver admin- 
istered paienterally and an adequate diet The author concluded that 
the hormone or hormones of the anterioi lobe of the pituitaw gland 
may be essential to the utilization of the vitamin B complex 

relation of the anterior lobe or the pituitary gland 

TO METABOLISM 

Metabolism of Caibohydi ates — Since the woik of Houssay in 1924 
the importance of the i elation of the antenor lobe of the pituitary gland to 
carbohydrate metabolism has received much emphasis Young 82 , Dohan, 
Fish and Lukens 83 , and Marks and Young, 11 and otheis have con- 
tnbuted largely to the present knowledge of this subject Because most 
of the woik on this phase of pituitary physiology has been coveied in 
reviews of metabolism foi 1940 84 and 1941, 85 v^e shall include in this 
paper mention only of the most lecent conti lbutions to the subject 

Houssay and his co-workei s 80 recently have i e\ levied all of the 
previous work in Ins laboratory on relations of the antenoi lobe of 

81 Sutton, D C Interrelation Between Vitamin B Complex and the Anterioi 
Lobe of the Pituitary Gland, South M J 34 48-51 (Jan ) 1941 

82 Young, F G Anterior Pituitary Fractions and Carbohydrate Metabolism 
I Tbe Preparation and Properties of Diabetogenic Extracts, J Endocnnol 1* 
339-355 (Nov) 1939, The Pituitary Gland and Carbohydrate Metabolism, Endo- 
cnnology,26 345-351 (Feb) 1940 

83 Doban, F C , Fish, C A , and Lukens, F D W .Induction and Course 
of Permanent Diabetes Produced by Antenor Pituitary Extract, Endocrinology 
28 341-357 (March) 1941 

84 Rynearson, E H, and Hildebrand, A G Metabolism and Diabetes 
Review of Certain Recent Contributions, Arch Int Med 68 134-175 (July) 1941 

85 Hildebrand, A G , and Rynearson, E H Diseases of Metabolism Review 
of Certain Recent Contributions, A.rch Int Med 69 344-365 (Feb ) 1942 

86 Houssay, B A , Foglia, V G , Smyth, F S , Rietti, C T, and Houssaj, 
A B The Hypophysis and Secretion of Insulin, J Exper Med 75 547-566 
(May) 1942 
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Since testosteione piopionalc has been shown to piomote mtiogen 
storage, Albright heated patients suilenng from Cushing’s syndiome 
with this compound A prompt ietenlion of nitrogen and phosphorus 
and reestablishment of a positive calcium balance lesulted Associated 
with the mtiogen letention was a deciease in thinness of the skin 
mcieased musculai stiength and loss of easy “biuisabihty ” Tieatment 
of 2 patients with estiadiol ben/oate did not produce such beneficial 
lesults Piogesteione had a slightly faioiable etlect in 1 instance hut 
geneiallv speaking w’as mfenoi to testosteione 

Rakofit and co-woikeis 7S lepoitcd that m 1 case ot far ach anted 
Cushing’s s} ndiome treatment with dieth)dstilbestiol produced clinical 
impiovement wuthin a shoit time The blood piessuie and the amount 
of andiogens excreted weie reduced, howevei, a pieexisting ghcosuru 
w'as aggiavated In a second case in which the disease w r as less severe, 
the improvement undei diethjdstilbestrol theiapt was progiessne ovei 
a period of one yeai, duiing which the patient was under obsenation 
The menses weie lesumed. and a i eduction in body weight and a maiked 
lessening of luisutism occuned 


iWISCHLL \NCOUS TACTORS 01' THU AM HR I OR LOIir 

In addition to the hoi mones of the antei 101 lobe of the pituitan gland 
which we hate discussed in detail, several other factors hate been 
lepoited m the hteiatuie Since w r oik on these principles is still in the, 
expei imental phase and their clinical relations have not become estab- 
lished w r e shall mention only a few of them bnefly 

No lecent reports have appealed in the literatuie concerning the 
status of the paiatli) rotiopic principle which seieial jeais ago was 
repoited to be piesent in the urine of patients with hjpeiplasia of the 
paiathyioid glands 

Houchrn and Tuinei 70 lepoited that in expei imental animals the 
injection of ceitain extracts of the antei 101 lobe lesulted in a maiked 
rise m the secietion of bile ivlnch peisisted oiei a penod of four to 
eight hours 

Levin and Leathern 80 found that hypophysectoim in lats lesulted 
in a fall m senun albumin and a use in seium globulin These changes 
w^eie repioduced to only a slight degiee b\ simple inanition of similar 
intensity and duration Administration of thyroid pi evented the mciease 
in serum globulin, while administiation of adrenal coitical extract 01 
desoxi coiticostei one acetate presented the deciease in serum albumin 

78 Rakoff, A E , Cantarow , A , and Paschkis, K E Cushing’s Si ndrome 
Two Cases Tieated with Stilbestiol, J Clin Endocrinol 1 912-915 (No\ ) 1941 

79 Houclun, O B , and Turner, C W The Relation of the Anterior Pitui- 
tary to Bile Production, Endocrinology 26 821-823 (Ma>) 1940 

80 Levin, L , and Leathern, J H The Relation of the Pituitary, Thy roid 
and Adrenal Glands to the Maintenance of Normal Serum Albumin and Globulin 
Le\els, Am T Phjsiol 136 306-313 (Apnl) 1942 



H I LD EB RAN D-RY NEARS ON— PITUITARY GLAND 


289 


creatropic” action on the islets of Langerhans Lawi ence and Young 
failed to substantiate this claim in studies on diabetic persons and on 
dogs made peimanently diabetic by injection of extiacts of the anterior 
lobe Marks and Young 01 did not find Collip’s extract “significantly 
pancreatropic when administered to rats eithei by subcutaneous injection 
or by mouth” Although these same investigators found various ciude 
pituitary extiacts capable of increasing the insulin content of the rat 
pancreas, they stated that the pancreatropic factoi was “probably not a 
hormone” and not identical with the lactogenic, the gonadotropic, the 
thyiotropic 01 the glycotropic substance 

Houssay and his co-workers 8(3 rejxirted that the pancreas of 
hypophysectomized dogs was capable of normal secretion of insulin 
Griffiths 02 claimed that in hypophysectomized rats, both the deciease 
in pancreatic content of insulin postoperatively and the increase in this 
content after the administration of extracts of the antenor lobe of the 
pituitaiy weie proportional, respectively, to the loss of body weight, on 
the one hand, and to the gam in body weight, on the other He dis- 
counted the piesence of a specific insulin-increasing hormone in the 
antenor lobe of the pituitary gland 

Metabolism of Pioteins and Fats — Little of significance has been 
added to the liteiature concerning the influence of the anterior lobe 
of the pituitary on the metabolism of fats and proteins 

The more recent work on the relation of the anterior lobe to protein 
metabolism in connection with body growth has already been discussed 
The consensus seems to be that extiacts of the antenor lobe are 
capable of inducing nitrogen retention in the body tissues of animals 
receiving injections of this material 03 

Several investigators in the past have reported that certain extiacts 
of anterior pituitary had marked effects on fat metabolism of expen- 
mental animals Sykes, Meuleman and Huffman 04 recently reported 
that a preparation of anterior lobe possessing marked liver-fat activity 
affected fat pioduction of the mammary glands of 3 dairy cows Both 
the total fat produced and the percentage of fat of the milk weie 
mci eased 

90 Lawrence, R D , and Young, F G Oral Antenor Pituitarv Extract 
(Colhp) in Diabetes, Lancet 2 709-710 (Dec 7) 1940 

91 Marks, H P , and Young, F G Pancreotropic Factor of the Anterior 
Pituitary Lobe, Lancet 2 710-712 (Dec 7) 1940 

92 Griffiths, M The Influence of Anterior Pituitary Extract on the Insulin 
Content of the Pancreas of the Hypophysectomized Rat, T Physiol 100 104-111 
(Aug 11) 1941 

93 Cuthbertson, D P , Webster, T A , and Young, F G Anterior Pituitarv 
Gland and Protein Metabolism I Nitrogen-Retaining Action of Anterior Lobe 
Extracts, J Endocrinol 2 459-467 (Sept) 1941 

Sykes, J F , Meuleman, W L , and Huffman, C F Changes in the Fat 
Percentage and Fat Yield of Dairy Cows with Injections of an Anterior Pituitary 
Preparation, Endocrinology 30 217-220 (Feb ) 1942 
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the pituitai) to caibohjdiate metabolism The\ concluded that the rise 
m the level of the sugat in the blood winch w'as observed to occur within 
the fiist few days aftet the administration of extiacts of the anterior 
lobe to animals bad been staited w r as due to extrapancreatic activity 
Along with this effect the pituitaiy extiacts damaged the islet cells of the 
pancreas, of couise, this damage would be aggravated by the initial 
hyperglycemia Damage to the islet cells might become so severe that 
their ability to secrete insulin would remain diminished after cessation 
of the injections of pituitary extiact In these instances, persistent 
diabetes mellitus would lesull Houssa) found that in many instances 
the diabetes gradually disappeared, along with reversal of the histologic 
changes wdnch had been produced in the islet cells However, in some 
instances, a peimanent diabetic state was established In these animals 
extensive degenei atn e changes were encountered in the pancreatic 
islands particularly m the beta type of cell 

Lukens and Dohan 87 also have reuewed the subject of pituitan 
diabetes in the cat , the) confirmed Houssa) s observations as to the 
mode of action of the extiacts of the antenoi lobe of the pituitary gland 
They reported that reco\ery in these animals took place undei dietar) 
and insulin therap) 

A so-called “contrainsular’’ hoimone has been claimed to antagonize 
the action of insulin Himsworth 8S suggested that a substance such as 
the diabetogenic or contrainsulai factoi might be responsible for the 
lesistance to insulin sometimes encountered in cases of diabetes mellitus 

Recently some doubts have appeared concerning the existence of a 
“pancreatropic” factor secreted b) the anterior lobe of the pituitaiy 
gland, which previously had been reported to increase secretion of insulin 
by the pancreas Marks and Young 31 hat e reported that certain extracts 
of the anterior lobe would increase the insulin content of the rat pancreas 
to almost twice normal values Collip 80 claimed that a pi unary alcoholic 
extract of the antenor lobe “has a profound effect upon carbohydiate 
metabolism” when administered orally to diabetic organisms By this 
statement he meant that oral admimstiation of this extract was capable 
of reducing the let els of blood sugar m a fasting organism and also the 
total dail) lequirement of insulin in some cases of diabetes mellitus, in 
fasting animals he produced a lowering of the level of sugar m specimens 
of blood taken after the oral admimstiation of the extract He suggested 
that this effect on carbohydrate metabolism w r as mediated by a “pan- 

87 Lukens, F D W , and Dohan, F C Pituitary Diabetes m the Cat 
Recovery Following Insulin or Dietary Treatment, Endocrinology 30 175-202 
(Feb) 1942 

88 Himsworth, H P The Mechanism of Diabetes Mellitus, Lancet 2 65-68 
(July 8) 1930 

89 Collip, J B An Anti-Diabetogenic Effect of a Primary Alcoholic Extract 
of Pituitarj Tissue Administered Oralh Canad M A J 42 109-113 (Feb) 1940 
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cieatiopic’ action on the islets of Langerhans Lawience and Young 90 
failed to substantiate this claim in studies on diabetic persons and on 
dogs made peimanently diabetic by injection of extiacts of the anterior 
lobe Maiks and Young 91 did not find Colhp’s extract “significantly 
panel eatiopic when admmisteied to lats eithei by subcutaneous injection 
or by mouth” Although these same investigators found vauous ciude 
pituitaiy extiacts capable of mci easing the insulin content of the rat 
pancreas, the) stated that the pancreatropic factor was “probably not a 
hormone” and not identical with the lactogenic, the gonadotiopic, the 
tlmotropic 01 the glycotropic substance 

Houssay and his co-workers 80 reported that the pancreas of 
h) pophysectomized dogs was capable of normal secretion of insulin 
Griffiths 92 claimed that in hypophysectomized rats, both the deciease 
m panel eatic content of insulin postoperatively and the increase in this 
content after the administration of extracts of the antenor lobe of the 
pituitaiy were propoitional, respectivel) , to the loss of body weight, on 
the one hand, and to the gam in body weight, on the other He dis- 
counted the piesence of a specific msuhn-mci easing hormone in the 
antenor lobe of the pituitary gland 

Metabolism of Piotems and Fats — Little of significance has been 
added to the hteiature concerning the influence of the anterior lobe 
of the pituitary on the metabolism of fats and proteins 

The more recent work on the relation of the antenoi lobe to protein 
metabolism m connection with body growth has already been discussed 
The consensus seems to be that extiacts of the antenor lobe are 
capable of inducing nitrogen letention m the body tissues of animals 
receiving injections of this material 93 

Seveial investigators in the past have reported that ceitam extracts 
of anterior pituitary had marked effects on fat metabolism of expen- 
mental animals Sykes, Meuleman and Huffman 94 recently reported 
that a preparation of antenor lobe possessing marked liver-fat activity 
affected fat production of the mammary glands of 3 dairy cows Both 
the total fat produced and the percentage of fat of the milk weie 
inci eased 

90 Lawrence, R D , and Young, F G Oral Antenor Pituitarv Extract 
(Collip) in Diabetes, Lancet 2 709-710 (Dec 7) 1940 

91 Marks, H P , and Young, F G Pancreotropic Factor of the Antenor 
Pituitary Lobe, Lancet 2 710-712 (Dec 7) 1940 

92 Griffiths, M The Influence of Anterior Pituitary Extract on the Insulin 
Content of the Pancreas of the Hypophysectomized Rat, J Physiol 100 104-111 
(Aug 11) 1941 

93 Cuthbertson, D P , Webster, T A, and Young, F G Antenor Pituitarv 
Gland and Protein Metabolism I Nitrogen- Retaining Action of Antenor Lobe 
Extracts, J Endocrinol 2 459-467 (Sept) 1941 

94 Sykes, J F , Meuleman, W L , and Huffman, C F Changes in the Fat 
Percentage and Fat Yield of Dairy Cows with Injections of an Antenor Pituitarj 
Preparation, Endocnnologv 30 217-220 (Feb) 1942 
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the pituitai) to carbohydiate metabolism The) concluded that the use 
in the level of the sugai in the blood which was obsei ved to occur within 
the hist few days aftei the administration of extracts of the anterior 
lobe to animals had been started was due to extrapancreatic activity 
Along with this effect the pituitaiy extracts damaged the islet cells of the 
pancreas, of couise, this damage would be aggravated by the initial 
hyperglycemia Damage to the islet cells might become so severe that 
their ability to secrete insulin would lemain diminished after cessation 
of the injections of pituitary extiact In these instances, persistent 
diabetes mellitus would result Houssay found that in many instances 
the diabetes gradually disappeared, along with reversal of the histologic 
changes which had been produced in the islet cells Howevei, m some 
instances, a permanent diabetic state was established In these animals 
extensive degenerative changes were encountered in the pancreatic 
islands, particularly m the beta type of cell 

Lukens and Dohan 87 also have reviewed the subject of pituitary 
diabetes m the cat, the) confiimed Houssa)’s observations as to the 
mode of action of the extiacts of the antenoi lobe of the pituitary gland 
They reported that lecoveiv in these animals took place under dietan 
and insulin therap) 

A so-called “contrainsular” hoimone has been claimed to antagonize 
the action of insulin Himsworth ss suggested that a substance such as 
the diabetogenic or contrainsular factoi might be responsible foi the 
resistance to insulin sometimes encountered m cases of diabetes mellitus 

Recently some doubts have appealed concerning the existence of a 
“pancreatropic” factoi secreted by the anterior lobe of the pituitan 
gland, which previously had been repoited to increase secretion of insulin 
by the pancreas Maiks and Young 11 have reported that certain extiacts 
of the anterior lobe would mciease the insulin content of the rat pancreas 
to almost twice normal values Colhp 89 claimed that a pumaiy alcoholic 
extract of the anterior lobe “has a profound effect upon carbohydrate 
metabolism” when administered orally to diabetic organisms By this 
statement he meant that oral administiation of this extract was capable 
of reducing the levels of blood sugar in a fasting organism and also the 
total dail) requirement of insulin in some cases of diabetes mellitus , m 
fasting animals he pioduced a lowenng of the level of sugar m specimens 
of blood taken after the oral administration of the extract He suggested 
that this effect on carbohydrate metabolism ivas mediated by a “pan- 

87 Lukens, F D W , and Dohan, F C Pituitary Diabetes in the Cat 
Recovery Following Insulin or Dietary Treatment, Endocrinology 30 175-202 
(Feb ) 1942 

88 Himsworth, H P The Mechanism of Diabetes Mellitus, Lancet 2 65-68 
(July 8) 1930 

89 Colhp, J B An Anti-Diabetogenic Effect of a Primary Alcoholic Extiact 
of Pituitary Tissue Administered Oially, Canad M A J 42 109-113 (Feb) 1940 
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mine fiom noimal piegnant women chd not have such effect unless the 
patient was depnved ot watei , then she would exciete antidiuretic 
substance Ham 100 likewise has found an antidiuretic substance m 
the uime of women m eclampsia Mukheijee 101 studied the effect of the 
blood ulti afilti ates obtained m 50 unselected cases of toxemia during 
piegnancy on the melanophonc antidiuretic and vasopiessoi lesponses 
m animals The blood filtrates fiom normal women failed to lesult m 
the “triple lesponse” to any significant degiee The blood filtrates from 
patients with toxemia had the capacity to pioduce all thiee leactions 
Mukherjee concluded that the concentration of posteuor pituitary hoi- 
mone in the cu culation of patients who had toxemia was mci eased and 
also possibly these patients w'eie hypei sensitive to this hoimone 

In fa\or of this suggestion that a hyperfunctioning posterior lobe 
of the pituitary gland might be a potent factor m the production of 
eclampsia too aie these facts 1 Hypei tension is characteristic of 
eclampsia, and extracts of the postenoi lobe aie known to have vaso- 
piessor effects 2 The blood volume in eclampsia has been shown to be 
low' 102 and this effect has been lepioduced m animals by the injection 
of pitiessin in pressor dosage 10-5 The blood volume m nounal pregnant 
w omen is high 103 

On the othei hand m women dying of eclampsia the lenal findings 
are striking and the pituitary changes difficult to evaluate 104 Selye and 
Bassett 103 hate pointed out that even though urine and blood of piegnant 
women contain an antidiuretic substance, this substance is not necessai ily 
denved fiom the posterior lobe of the pituitary, estiogens, androgens 
and progesterone may produce antidiuresis Ham 100 found this anti- 
diuretic substance m normal pregnant women, as well as m eclamptic 
women, as have other mvestigatoi s 103 

Finally', the recent w'Oik of Smith and Smith, 100 who found mci eased 
gonadotropic substances fiom the anterioi lobe of the pituitary m the 

100 Ham, G C , cited by Griffith, Kimbrough, Corbit and Roberts 104 

101 Mukherjee, C Posterior Pituitary Factor m the Toxemias of Pregnancy,. 
J Obst & Gynaec Brit Emp 48 580-609 (Oct) 1941 

102 Dieckmann, W J , and Kramer, S Edema in Pre-Eclampsia and Eclamp- 
sia, Am J Obst & Gyntc 41 1-16 (Jan ) 1941 

103 Griffith, J Q , Jr , Corbit, H O , Rutherford, R B , and Lindauer 
M A Studies of Criteria for Classification of Arterial Hypertension V Types 
of Hypertension Associated with the Presence of Posterior Pituitary Substance, 
Am Heart J 21 77-89 (Jan ) 1941 

104 Griffith, J Q, J 1 , Kimbiough, R A , Jr , Corbit, H O, and Roberts,. 
E A Study of the Antidiuretic Factor Occurimg in Normal Pregnancy, and the 
Experimental Production of an Apparently Similar Factor in Nonpregnant Ani- 
mals, Endocrinology 30 542-550 (April) 1942 

105 Selye, H , and Bassett, L Effect of Desoxycorticosterone and Testo- 
sterone on Water and Chloride Metabolism, Proc Soc Exper Biol & Med 45 
272-277 (Oct) 1940 

106 Smith, G V S , and Smith, O W The Anterior Pituitary-Like Hormone 
m Late Pregnancy Toxemia, Am J Obst & Gjnec 38 618-624 (Oct) 1939 
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THE POSTERIOR LOBE OF THE PITUITARY 

The neui ohypophysis consists of tlnee pooily defined legions (1) 
the neuial lobe, (2) the mfundibnlai stem, and (3) the median 
eminence Weavei and Bucy °'* have discussed the anatomic lelations 
of the posterior lobe m detail 

The so-called “postenoi lobe hormones” include the piessoi, anti- 
diuretic, oxytocic and melanophoi e-depressmg pnnciples The piessoi, 
antidiuietic and oxytocic hormones anse from the intrinsic elements of 
the neurohypophysis, the pituicytes 90 

While the pituicytes are regaided as secietory elements, the function 
of the unmyelinated neive fibeis piesent is not clear Theie is eudence 
that the) may be concerned m a iefle\ connection between the vagus and 
the supi aopticohypophyseal tract 97 

Recent work has lenewed inteiest in studies of the hormones of the 
posterioi lobe in the body fluids Gilman and Goodman 9S sevei al yeai s 
ago demonstrated that lats depnved of w r atei would exciete the anti- 
diuietic principle of the postenor lobe Recently consideiable woik has 
been done on the presence of the antidiuietic and the pressor pi inciple 
in the body fluids, paiticulaily m connection with then detection in 
eclampsia, hypertension and certain other diseases Attempts hate been 
made to associate these conditions with hypersecretion of the postenoi 
lobe of the pituitary For example, it has been shown that in eclamptic 
or preeclamptic patients theiapeutic doses of preparations of the postenor 
lobe tvould pioduce an unusualh marked use in blood pressure and a 
concurrent deuease m the volume of urine This obseivation has been 
interpreted to mean eithei that these patients already had an excessite 
amount of principles from the postenor lobe m circulation oi that they 
were hypersensitive to them oi possibly both 

Vai lability in the lesults obtained in assays of the blood and urine 
of these patients for factors of the postenor lobe has made the clinical 
applicability of these studies doubtful Teel and Reid 99 repoited that 
concentrates of mine from women with eclampsia oi pieeclampsia had 
marked antidiuretic effects when injected into rats Concentiates of 

95 Weaver, T A , Jr and Bucy, P C The Anatomical Relationships of 
the Hypophysial Stem and Median Eminence, Endocrinology 27 227-235 (Aug ) 
1940 

96 Geiling, E M K , and Oldham, F K The Neurohypophysis, I A 
M A 116 302-312 (Jan 25) 1941 

97 Sattler, D G Vago-Neuiohypophysial Pressor Reflex, Proc Soc Expei 
Biol & Med 44 82-86 (May) 1940 

98 Gilman, A , and Goodman, L The Secretory Response of the Postei 101 
Pituitary to the Need foi Water Conservation, J Physiol 90 113-124 (July 15) 
1937 

99 Teel, H M , and Reid, D E Observations upon the Occurrence of air 
\ntidiuretic Substance in the Urine of Patients with Pre-Eclampsia and Eclamp- 
sia, Endocrinology 24 297-310 (March) 1939 
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postenor lobe 100 The anterioi lobe likewise plays a lole in watei 
metabolism, possibly secietmg a diuietic substance, even though a specific 
diuietic factoi has not been isolated from the antenor lobe Complete 
hypophysectomy lesults only in tiansient diabetes insipidus, since the 
piesence of a functioning antenoi lobe, as well as inactivation of the 
postenoi lobe, is essential foi the maintenance of permanent maximal 
diabetes insipidus 110 Administration of extracts of antei 101 pituitary to 
hypophysectonnzed lats already recoveied fiom the initial postoperative 
diabetes insipidus again resulted m diabetes insipidus 

Although nasal insufflation of dry pituitai}^ powdei has been used 
successfully in the treatment of diabetes insipidus, attempts have been 
made to prolong the action of pai enterally administered preparations b\ 
giving them m oil or with zinc sulfate 111 Thorn and Stem 112 leported 
that a single injection of pitressin tannate in oil was effective m con- 
trolling polydipsia and polyuria foi twenty-foui to foity-eight houis in 
3 cases of diabetes insipidus They warned against overdosage because 
of the dangei of water intoxication 

Total th) l oidectomy has lelieved diabetes insipidus in expeiimental 
animals 113 and in human beings Blotner and Cutler 114 reported that 
thyroidectomy pioduced a marked and peisistent (for five years at least) 
improvement in both the diabetes insipidus and the Parkinson’s disease 
of 2 young men whose symptoms followed encephalitis Howevei, in 1 
case m which diabetes insipidus was considered idiopathic, thy i oidectomy 
chd not result in any benefit 

109 Bakei, A B, and Craft, C B Bilateral Localized Lesions in the Hypo- 
thalamus with Complete Destruction of the Neurohypophysis in a Pituitary Dwarf 
with Severe Permanent Diabetes Insipidus, Endocrinology 26 801-806 (May) 
1940 Dandy, W E Section of the Human Hvpophvsial Stalk Its Relation 
to Diabetes Insipidus and Hypophysial Functions, JAMA 114 312-316 (Jan 
27) 1940 

110 Schweizer, M , Gaunt, R , Zinken, N, and Nelson, W O The Role 
of the Adrenal Cortex and the Anterioi Pituitary m Diabetes Insipidus, Am J 
Physiol 132 141-149 (Feb ) 1941 

111 Greene, J A, and January, L E Diabetes Insipidus Treated by the 
Subcutaneous Administration of a Suspension of Pitressin Tannate in Oil, J A 
M A 115 1183-1185-- (Oct 5j 1940 Stephens, D J Zinc Salts and Oil in 
Prolongation of Therapeutic Effect of Pitressin m Experimental Diabetes Insipidus, 
Proc Soc Exper Biol & Med 44 240-241 (May) 1940 

112 Thorn, G W, and Stem, K E Pitressin Tannate Therapy in Diabetes 
Insipidus, J Clin Endocrinol 1 680-687 (Aug ) 1941 

113 Mahoney, W , and Sheelan, D The Effect of Total Thyroidectomy upon 
Experimental Diabetes Insipidus in Dogs, Am J Physiol 112 250-255 (June) 
1935 

114 Blotner, H, and Cutler, E C Total Thyroidectomy in the Treatment 
of Diabetes Insipidus, JAMA 116 2739-2745 (June 21) 1941 
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blood and urme of eclamptic patients, dnects attention a\va> from 
the posterior lobe 

Although several commeicial pieparations of the postenoi lobe aie 
available foi clinical use, as yet none of the active pi maples has been 
isolated as chemically puie entities Two fractions, pittessin and pitocm, 
have been separated in a highly purified state fiom pituitary extracts 
Geilmg and Oldham 90 have leviewed the piesent knowledge of the 
chemical piopeities of these substances m detail 

Some investigators have expressed the belief that the two factois 
exist as separate entities in the natural state Hon evei , Rosenfeld 107 m 
recent studies of their sedimentation pioperties in the ultracentrifuge 
found evidence to indicate that the piessoi and the oxytocic principle 
exist normally as relatively large molecules, which aie bioken down to 
smaller, physiologically active pioducts by the ordinal y methods of 
chemical exti action 

Briefly, pitressm elicits caidioiascular, respnatory, renal (diuietic- 
antidiuretic), intestinal and ceitam metabolic eftects on oxygen con- 
sumption, pitocm elicits the oxytocic action Both substances act as 
antagonists to insulin and produce hyperglycemia 

Clinically, the widest use of extracts of the postenoi lobe is in con- 
nection with parturition and m the tieatment of diabetes insipidus 

The response of the piegnant uterus to preparations of the postenor 
lobe depends largely on the nature of that o\arian, placental or anterior 
pituitary hormone the influence of which is predominant at the time of 
injection During early pregnancy the human uteius does not respond 
to pitocm, presumably because of the mhibitoiy effect on luteal secretion 
Later the reactivity of the uterine musculature to pitocm i etui ns, proba- 
bly because the estrogens lender the uteius more responsive During 
parturition the uterus is responsive, and it is at this time that postenoi 
pituitaiy extiacts have been used most extensively, principally foi the 
control of postpaitum bleeding m the third stage of labor Its use during 
the first and the second stage of labor is not lecommended, since rupture 
of the uteius, fetal asphyxia, fetal death, laceration of the cervix, secon- 
dary atony of the uterus and even maternal caidiac death from over- 
exertion have been reported 108 Extracts of the posterior lobe are useful 
also m the prevention or control of hemorrhage dui mg abortion 

Both clinical and experimental studies support the view that diabetes 
insipidus is due to loss or diminution in the antidiuretic factor of the 

107 Rosenfeld, M The Native Hormones of the Postenor Pituitary Gland 
The Pressor and Oxvtocic Principles, Bull Johns Hopkins Hosp 66 398-403 
(June) 1940 

108 DeLee, J B The Use of Solution of Posterior Pituitary in Modem 
Obstetrics, JAMA 115 1320-1324 (Oct 19) 1940 
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late of lecipient animals as \\ ell as pi event the usual use in the basal 
metabolic late following the admmisti ation of the th)iotiopic pimciple 
It the lattei phenomenon weie due to specific antithy roti opic immune 
bodies the antiseium should not be capable of 1 educing basal metabolic 
lates Fuitheimoie “antihoi mones” have been lepoited to be piesent 
in the seiums of untieated animals and of noimal human subjects 
Thompson and his associates hate laised the question as to whethei the 
“antihoi mones” aie tiue immune bodies 01 aie noimal constituents of 
the serum Fellows Nutting, 110 howevei, has denied that human seium 
noimall) contains a substance which exeits an mhibitoiy eftect on 
antenoi pituitaiy extiact of human beings when both aie injected into 
expei imental animals 1 

Rutheifoid and Gnfifith 1 - 0 lepoited a case m which a patient expei 1- 
enced recuirent episodes of polyuiia and polydipsia without gljcosuna 
aftei subtotal thyi oidectoni) This patient w r as obseived dui mg one 
such episode, his serum when injected in animals rendered them lefi ac- 
ton to the usual antidiuretic effect of extiacts of postenoi pituitarj 
Dining the penod of spontaneous lecoveiy fiom the attack the patient’s 
seium contained an excessne quantity of an antidiuietic factoi The 
authois did not find any pitiessin-inhibitmg substance in the seiums 
of 2 patients who had chiomc diabetes insipidus 

PITUITARY PREPARATIONS 

Experimental piepaiations of the active principles of the antenoi 
lobe have been developed m which those principles aie piesent m lela- 
tuely pure foim Among these substances which have been piepaied 
m highly potent and only minimally contaminated form ai e the lactogenic 
the growth-pi omoting, the thyrotropic and the adrenotropic factor 
Although potent gonadotropic substances have been isolated, the Com- 
mission of Biological Standaidization has not felt that complete 
sepai ation into follicle-stimulating and luteinizing fi actions was suffi- 
ciently assuied to wan ant establishing international standaids foi 
material fiom this source None of the active substances of the antenoi 
lobe has been piepared to snnilai degiees of purity 

A large numbei of preparations of the antenor lobe aie on tbe 
market, but none of them has been accepted by the Council on Phai mac\ 
and Chennstiy of the American Medical Association because of the lack 
of suitable evidence that such piepaiations are of value in therap) The 

119 Fellows Nutting, MD The Antigonadrotiopic Hormones m Normal 
Human Blood Serum, Endocrinology 26 369-376 (March) 1940 

120 Rutherford, R B , and Griffith, J Q , Jr Pitressin-Inhibiting Substance 
in Serum of a Patient with Transient Diabetes Insipidus, J Clin Endocrinol 1 916- 
917 (Nov) 1941 
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THE ANTIHORMONES 

The so-called “antihoimones,” fiist described by Collip and Ander- 
son 115 in 1934, deseive brief mention 

Seveial investigators 110 have lepoited that in animals treated with 
thyiotropic substance fiist an increased basal metabolic late and sub- 
sequently hypothyroidism occuned At the latter stage the blood serum 
of the experimental animals was found to confer “immunity” to the 
effect of the tlruotiopic pi mciple when injected into othei animals, 
that is, the animals weie made lefiactoi} to the thyrotiopic pi mciple 
After se\eral months without injections of pituitaiy extiacts the refrac- 
tory animals again became susceptible to the thyrotropic principle Such 
an antihormone efifect also has been shown to develop towaid the 
lactogenic, 117 the gonadotiopic 11S and othei pituitaiy factois Because 
of the appaient ti ansmissibihty of immunity fiorn a treated animal to an 
untreated one, given serum from the former, the lefiactonness which 
develops m experimental animals receiving injections of pituitary extracts 
has been assumed to lepresent a true immune reaction due to the forma- 
tion of antibodies Thompson, Collip and Selye 117 bate reported that 
the serum containing the “antihormone” (antithyrotiopic factor) de\ el- 
oping in treated animals was specific tor the species of animal from which 
the pituitary extract was piepaied, that is animals lendeied refiactoiy 
to material fiom the pituitaiy gland of sheep still w'ould lespond to 
material from the pituitary gland of pigs 

Clinical evidence does not lend support to the antihoimone theoi) In 
the fiist place, human subjects do not become lefractory to long-continued 
therapy with any of several substances, including thyi oid extract, insulin 
and adrenal cortical extiact In the second place, Thompson and his 
associates 117 have shown that the seium of animals which have become 
lefractory to the thyrotiopic principle wall reduce the basal metabolic 

115 Collip, J B , and Anderson, E M The Production of Serum Inhibitor! to 
the Thjrotropic Hormone, Lancet 1 76-78 (Jan 13) 1934 

116 Werner, S C Antibody Nature of Refractoi mess to Injections of H\po- 
physeal Extracts Containing Thyiotropic Hormone, Proc Soc Expei Biol Sr 
Med 34 392-394 (April) 1936 Harington, C R and Rowlands, I W Frac- 
tionation of Antithvrotropic and Antigonadotropic Sera, Biochem J 31 2049-2054 
(Nov) 1937 Loeb, L, and Friedman, H Long Continued Injections of Acid 
Extract of Anterior Pituitar\ on Thyroid Gland and Sex Organs, Proc Soc 
Exper Biol & Med 29 172-174 (Nov ) 1931 Cutting W C , Robson, G B „ 
and Emerson, K, Jr Refractoi mess fiom Pituitar\ Thviotiopic Extracts, 
Endocrinology 24 739-740 (May) 1939 

117 Thompson, D L , Collip J B, and Selve, H The Anti-Hormones, 
JAMA 116 132-136 (Jan 11) 1941 

118 Meyer, R K , Kuppeiman, H S, and Finertj, J C Inciease in Gon- 
adotropic Content of Pituitarv Glands of Female Rats Treated with Antigon- 
adotropic Serum, Endocrinologv 30 662-666 (Ma\ ) 1942 
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Ambassadors m White By Charles Moirow Wilson Price, §3 50 Pp 372, 

with lllustiations New' Yoik Heniy Holt & Co Inc 1942 

The subtitle of this most interesting book is “The Story of American Tropical 
Medicine,” belying somewhat the more catchy phrase “Ambassadors in White ” 
The subtitle, in truth, tells the story more properly than does the main title 
The ambassadors in white are Finlay of Cuba, Reed of Virginia, Gorgas of 
Alabama, Deeks of Canada and Noguchi of Japan, together with the people wnth 
whom they were connected and with whom they worked About half of the 
book is devoted to short biographic sketches of these five men, the ambassadors 
in their tropical gaib The lest of the book has to do with life, sickness and 
disease in the tropics and in Central Ameiica The book is prefaced by a his- 
torical review', in w'hich, incidentally, the author bungs out many interesting facts 
Probably few physicians realize that the first hospital in the Western Hemi- 
sphere was opened eleven years after Columbus’ epochal voyage Hospitals were 
established in Puerto Rico, Cuba, Panama, Mexico, Chile, Colombia, Ecuador and 
Venezuela prioi to the beginning of the seventeenth century, and twenty-seven 
years before John Harvard w r as born the University of Mexico, Mexico City, 
had a chair of medicine In 1538 the University of Santo Tomas, on the island 
of Santo Domingo, had started to teach medicine A medical school was estab- 
lished in Lima, Peru, m 1621, antedating by many years the inauguration of 
formal medical teaching in the United States 

The biographies of the five heroes of the book are interesting and instructive 
To most medical readers Gorgas is w'ell known, as are his accomplishments and 
Ins life, the same may be said of Walter Reed and Noguchi, but Carlos Finlay, 
who for years prior to Reed’s investigations advanced the theory of transmission 
of yellow fever by a vector, Aedes aegypti, is known only in a general w'ay, 
while Deeks, of the United Fruit Company, is also known by name and reputa- 
tion, but few persons know of his real accomplishments and his deeds It is 
interesting to read about these tw'o men who stand out as pillars in the story of 
medicine m the tropics Deeks is responsible for the inauguration of sanitation 
and the fighting of disease on the United Fruit Company plantations His accom- 
plishments are altogether remarkable To the United Fruit Company and to the 
Standard Oil Company Wilson pays tribute These two great international busi- 
ness organizations in the tropics w'ere motivated by an altruistic-economic desire 
to keep their employees well, they do and have done so On the other hand, 
innumerable United States corporations in the past have gotten what they could 
get out of the Central American countries but have done nothing to advance the 
health of the natives and apparently have left behind them only ill feeling 

In the tropics of the Middle American countries the health conditions are 
distressing and deplorable, despite the fact that these countries per unit of popu- 
lation spend much moie for public health than does the United States The 
micioscopic animal and vegetable life of the tropics grow's freely and unre- 
strainedly, and as the vegetation is lush and rich, just so are the disease-carrying 
fungi and animal parasites unrestrained m their growth in an environment which 
gives them everything they need in the way of moisture, temperature and food 
Then there are few physicians in these countries, and most of them have congre- 
gated in the larger cities, so the rural population does not have medical services 
except to a limited extent The picture that Wilson paints is depressing, but 
education and enlightenment of the pool people are doing, and will do, much to 
combat the disease scourges which cause tropical inhabitants to die in early life 
or to become chronic invalids 

It might be said that the book is atti actively w'ntten, reads easily and gives 
many data which are at the present time not only well worth while but of great 
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comma cially available piepaiations are lelatively ciude m compauson 
with those developed experimentally They usual]) contain significant 
amounts of several other factois besides the one foi which they are 
intended to he used Ineit proteins usually aie piesent also Further- 
more, it has been shown that the active substances of many of these 
preparations deteriorate on standing in solution D’Amour , 121 with his 
co-workers, has demonstrated that piepaiations of the anterior lobe 
pui chased m drug stores have little demonstrable activity 

Extracts of the postenoi lobe of the pituitary gland containing the 
ox) tocic and the pressoi factoi ai e \\ ell known to clinicians Then uses 
have been outlined A number of prepaiations containing both factors, 
as well as preparations containing each factor, have been accepted by the 
Council on Phaimacy and Chemistiy 122 Then source is the pituitary 
glands of slaughtered animals and they are assayed in terms of U S P 
units These aie standaidized to an international pitmtaiy powder 

102 Second Avenue Southwest 

121 D’Amour, F E The Potency of Certain Commercial Hormone Prepara- 
tions Second Study, Endocrinology 26 88-92 (Jan ) 1940 

122 Freed, S C Present Studies of Commercial Endocrine Preparations, 
J A M A 117 1175-1182 (Oct 4) 1941 
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Treatment in General Practice By Harry Beckman M D Professor ot 
Pharmacology Marquette Unn ersity School of Mediane Fourth edition 
thoroughly reused Price $10 cloth Pp 1015 Philadelphia W B 
Saunders Company, 1942 

The iourth edition of this book contains much new material — so much indeed 
that it cannot be entirely listed by the reviewer It should be enough to say that 
the vv ork has been brought thoroughly up-to-date \\ hen one finds mention ot 
■mlfanily lguamdme and sulfacetamide one realizes the newness 

The book is diuded into twenty -four general sections m .which the treatment 
of -various diseases is discussed The author comments on the great wealth of 
contributions to the therapy of disease that have appeared in recent years and 
he speaks of the difficulty m selecting the worth while material but he has done 
an excellent job He has shown his ability to retain the oldest forms of treat- 
ment when they are adequate as well as to evaluate properly the advantages 
(and disadvantages) of the sulfonamide compounds most recently introduced as 
tnerapeutic agents * 

His good common sense and forthright criticism oi unsound procedure are 
noticeable throughout the book It must be difficult to inject a sense of humor 
into a solemn medical treatise but the author has done so and successfully too 

The book is well written and is easy and pleasant to read Altogether the 
author has done remarkably well m putting a great deal of sound and worth 
while miormation into a relatively small space 

Central Autonomic Regulations m Health and Disease By Hey men R 
Miller MD with an introduction by John F Fulton MD Price $5 50 
Pp -^O Greene & Stratton Inc., Xev York 1942 

This is a work tor which many clinicians have been waiting The author 
v* ell qualified lor the task presents the principal evidence bearing on the relation 
oi hypertension disturbances ox metabolism and other diseases to disturbances 
especially central disorders oi the autonomic nervous system All fields of medi- 
cine as the author writes especially those of internal medicine and neurology 
.mpmge on a common territory here — a common ground of central autonomic 
regulations 

After a brief introduction vluch relates to the general physiology of the 
autonomic nervous system the author considers m turn the part played by this 
system in maintaining the homeostasis of body temperature metabolism circula- 
tion respiration and other phases of human physiology and disease The response 
of the autonomic nervous system to pharmacodynamic substances receives atten- 
tion in later chapters and discussion of anatomic aspects at the end provides a 
satisiactory and interesting means for summarizing the material as a whole 

Complete documentation as v ell as impartial consideration of opposing mter- 
nretations adds greatly to the value of tins v ork The book can be highly 
recommended 

The Surgery of Pancreatic Tumors By Alexander Brunschwig Po 397 
123 illustrations and 1 color plate St Louis C V Mosby Company 19-12 

Written w ith the v lew of dealing v ith relativ ely fev facts in a new ly dev el- 
oped field and thus serving to stimulate xurther work in this field this mono- 
graph represents the author s attempt to record the cumulatn e experiences m 
the surgery of all types or pancreatic tumors The book is divided into twentv- 
seven chapters the first few of which are devoted to the Historical development 
oi the subject, the embry olog’c anatomic and physiologic asuects of tne pancreas 
experimental studies diagnostic procedures and preoperative and postoperati . e 
care Four chapters are concerned with benign and with malignant pancreatic 
cysts and four chapters v ith benign and with malignant tumors of the ampulla 
or Yater The remaining ciiapters deal with solid tumors ot the pancreas esne- 
c ally the malignant forms An extensive bibliography arranged alphabetically 
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\alue to members of the medical profession and moie paiticulailv to the physi- 
cians who mav have to seive in the aimed foices of the United States m these 
tropical countnes 

Advances in Internal Medicine Edited by J Mini ay Steele, Vol 1 Pnec 
§4 50 Pp XI + 292, with 16 lllustiations New Yoik Interscience Pub- 
lishers, Inc , 1942 

Recently a tabulation was made of the age distribution of physicians m the 
United States Nearly half of them, it appears, are less than 45 years old 
Thus, if a mathematical formula can lie applied to the writing of medical books, 
half of them should lie compiled foi the benefit of the younger men and insotai 
as possible by them 

Usually tins is not the case The modem multiauthored textbooks tend to 
be written bv older men m what Sir Andrew Clark termed the cakes-and-alc 
stage of their careers Perhaps this lends experience and dignity to the printed 
result, but at the same time the stimulating fia\or of youth is lacking 

The fiist volume of “Advances m Internal Medicine” is particularly note- 
worthy because of its ten contributors the most \eneiable is 45 years old and 
several are still on the right side of 35 The purpose of the series is to supply 
fiom time to time an informal summaiy of progress in those fields of internal 
medicine in which progress has recently' occurred Ihe topics m volume 1 arc 
well chosen to carry forwaid this idea They include the use of the Millcr- 
Abbott tube, of insulin and protamine insulin and of sulfonamide compounds in 
the treatment of infection, to be up to date and sailing with the prevailing medical 
-wind, the volume includes discussions of current ideas on hypertension riboflavin 
deficiency and nephrosis 

The result is a satisfactoiy book, readable, authoritative and, above all, youth- 
fully vigoious If the editor continues to coilect for the ensuing volumes of the 
series an equally alert and capable group of young writers, Ins venture will be 
successful Physicians m practice will like it But more particularly the eighty- 
odd thousand medical students and young practitioners for whom the series is 
really designed will feel that thev are being spoken to by their favorite and most 
stimulating instructors in just the manner they most enjov 

The Electrocardiogram and the X-Ray Configuration of the Heart By 
Arthur A Master, M D , Cardiologist to the Mount Smai Hospital , Assis- 
tant Professor of Clinical Medicine, Columbia University Second edition 
enlarged and revised Price, §7 50 Pp 404, with 163 illustrations Phila- 
delphia Lea & Febiger, 1942 

The same painstaking effort that went into the first edition of this book mav 
be found in the revised and enlarged second edition New material has been 
added New sections deal with visualization of the chambers of the heart, disease 
of the tricuspid valve, myxedema and the “giant left auricle” The book covers 
rather thoroughly the effect of various types of cardiovascular disease and dis- 
orders on the cardiac silhouette Each type of disease or disorder is illustrated 
by a roentgenogram of the heart Beside each roentgenogram is placed an elec- 
trocardiogram Each electrocardiogram is interpreted in the light of knowledge 
gained by the roentgen study plus a clinical study of the patient The photo- 
graphs and illustrations, which make up virtually the entire book, are excellent 
The main criticism of the book centers around the author’s overenthusiastic 
interpretation of the electrocardiograms The readei is left with the impression 
that in a given case one might learn the whole story by a careful study of the 
tracing alone Numerous instances of this broad interpretation occur throughout 
the book For example, the electrocardiograms in figures 49 A and 82 A ai e 
similar, indeed Yet one is shown as the curve characteristic of rheumatic heart 
disease with mitral stenosis and insufficiency, while the other represents the curve 
characteristic of exophthalmic goiter 

With the exception of the excess of enthusiasm m the interpretation of trac- 
ings, the book is excellent 
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ANGINA PECTORIS AND THE SYNDROME OF 

PEPTIC ULCER 
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In previous communications 1 we described certain relations between the syn- 
drome of angina pectoris and that of peptic ulcer and called attention to certain 
clinical patterns 1 The symptoms of peptic ulcer and anginal symptoms may 
occur suddenly and simultaneously, and occasionally*- acute peptic ulcer may be 
associated with coronary thrombosis 2 Repeated attacks of angina pectoris at 
rest, finally e\ entuating m coronary' thrombosis, may r occur two to three hours after 
meals and during the night at the hours characteristic of pam from ulcer 3 When 
symptoms of angina pectoris and peptic ulcer coexist, successful treatment for 
symptoms of ulcer may cause remission of the anginal syndrome 4 Epigastric 
localization of anginal pain may be conditioned by a preexisting peptic ulcer 

In this paper we shall attempt an explanation of these phenomena and recoid 
additional illustrative cases The common denominator that immediately' suggests 
itself is a simultaneous disturbance m blood flow in the coronary' and m the gastric 
and duodenal arteries Evidence has been adduced that the arterial aichitecture 
of the stomach and duodenum plays a role in the localization of ulcers at the sites 
of election Both Reeves 2 and Jatrou 3 showed that peptic ulcers occur by prefei- 
ence m aieas where the arterial supply' is poor and where anastomoses of the mar- 
ginal arterial loops are few The role of arteriosclerosis in the genesis of some 
peptic ulcers m older persons is generally' accepted It seems probable that the 
occasional simultaneous occurrence of coronary' thrombosis and acute or penetrat- 
ing peptic ulcers can be explained by simultaneous arterial occlusions in both 
territones induced by the same systemic causes Or else shock resulting from 
closure of an artery in one area may induce secondary' thrombosis in the other 
one Cases 1 and 2 fall into this category' But this mechanism is rarely operative 

During the past twenty-five y'ears the understanding of coronary arteriosclerosis 
and its role in the causation of the anginal syndrome and of myocardial necrosis 
has been greatly clarified Im estigators have learned that anginal pam is caused 
by myocardial anoxemia due to insufficient flow' of blood through the coro- 
nary arteries They have been so impressed by' the pathologic changes in the 

From the Medical Service, Mount Sinai Hospital 

1 Boas, E P, and Levy, H Angina Pectoris and the Peptic Ulcer Sjndrome, J Mt 
Sinai Hosp 8 422, 1942 Boas, E P , m discussion on Walsh, B J , Bland, E F , Taqumi, 
A C , and White, P D The Association of Gall Bladder Disease and of Peptic Ulcer 
with Coronary Disease A Post-Mortem Study, Am Heart J 21 697, 1941 

2 Reeves, T B A Study of the Arteries Supplying the Stomach and Duodenum and 
Their Relation to Ulcer, Surg, Gyntc & Obst 30 374, 1920 

3 Jatrou, S Ueber die artenelle Versorgung des Magens und lhre Beziehung zum 
Ulcus \entncuh, Deutsche Ztschr f Chir 159 196, 1920 
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is placed at the end of the book The lilustiations, consisting of photogiaphs and 
line drawings, are profuse, well selected and instructive In this monograph 
which is undoubtedly the most comprehensn e consideration of tlie subject to 
date, tbe author fulfills his purpose thoroughly and successfulh 

Die Thrombocyten des menschlichen Blutes und lhre Beziehung zum 
Gennnungs- und Thrombosevorgang By A Fomo and 1 Schwendener 
Pp 130, with 112 illustrations Berne Hans Huber, 1942 

Piofessor Fomo, whose studies on blood platelets have been continuoush 
appealing since 1911, has, with an associate, summarized in a small concise 
monogiaph his lecent efforts to visualize the process of coagulation w'lth an ultia- 
nucroscope undei daik field illumination Theie are trulv lemarkable photographs 
of the resting and the irritated tlnombocyte, of the growth of pseudopodia, ot 
the agglutination of platelets followed by the liberation of vesicles containing 
tluombokinase and, finally, of the piecipitation of needles of fibrin as the end 
point of thrombosis This work is all the moie remarkable as it prowdes a 
morphologic basis for physicochemical phenomena It pio\es that purelj morpho- 
logic investigations, undertaken with impio\ed technics, still play an important 
part in the furthenng of knowledge The senior authoi, who is professor of 
surgery at the University of Bern, does not draw 7 am practical conclusions from 
lus studies , he seemingly w ished to emphasize the central role of the blood platelet 
in the process of thrombosis 

Love Against Hate By Karl Menninger, MD Price, ^3 50 Pp 311 New 
York Harcourt, Brace &. Company, 1942 

Dr Menninger’s thesis, in brief, seems to be that the lestrictions which have 
grow'n up under the customs and manners of “civilization” serve earh to incul- 
cate hate as a dominant trait of human character The infant forced to nurse 
at regular hours and annoyed by attempts to tram the excretory habits soon 
comes to hate his mother Ingrained hates also develop in women, frustiated 
in all sorts of ways The devotee of chess is really a father hater, he is pursuing 
a dominating male character, the king This universal hate, if the reviewer 
understands the author correctly, has much to do with the disabilities of modern 
life, including the promotion of war Love, fostered by work and by plav, is 
set forth as an antidote The reviewer does not follow Di Menmngei m all 
the ramifications of his thesis, but he agiees that material and mechanical advances 
have not solved the problem either of human happiness oi of behavioi Idealism 
the mystical appreciation of intangible values, seems to be necessary, as is clearlv 
realized by all great piophets to piesetve man fiom being evolution’s failure 


News and Comment 


Hermann M Biggs Memorial Lecture — Lieut Col Paul F Russell will 
deliver the Hermann M Biggs Memonal Lectuie on Thursday, April 1, 1943 at 
8 30 p m in Hosack Hall, New York The title of the lectuie will be “Malana 
and Its Influence on World Health ” The lecture is to be given under the auspices 
of the Committee on Public Health Relations of the New York Academv ot 
Medicine and will be open to the public 
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lhage m the stomach and duodenum, paiticulaily m the region of the pyloius 
When the vagal action was augmented by administration of physostigmme, all of 
the lesions weie more marked, and actual ulcers weie found m the pylorus Hall, 
Ettmger and Banting 13 produced lesions of the myocai dium and of the coi onary 
aitenes by long-contmued daily admimstiation of acetylcholine (activator of the 
vagus nerve) to dogs 

Seveial observeis have repoited that patients with disease of the coionaiy 
aitenes exhibit caidiac slowing from piessuie on the caiotid smus more fiequently 
and to a gi eater degree than do normal peisons 11 This suggests increased sensi- 
tivity of the vagus nerve 

Hochrem and Schleichei 18 called attention to the association of peptic ulcei 
and angina pectoris and suggested that undei lying many symptoms in both condi- 
tions, as well as their concurience, is an alteied tonus of the vegetative neivous 
system, particularly vagotonia 

V on Bergmann 10 and his school, and many others, have stressed the importance 
of disturbances of the vegetative nervous system m the etiology and the symptom- 
atology of peptic ulcer and have pointed out that functional disturbances of the 
gastrointestinal tiact may induce the same symptoms as do true ulcers Indeed, 
they have expressed the belief that one cannot draw a shaip line of demarcation 
between the oiganic lesions and the functional disturbances The syndiome of 
peptic ulcer is often encountered without roentgen evidence of gastrointestinal 
ulcei ation, and many patients with disease of the coi onary arteries and with symp- 
toms of peptic ulcer have no ulcer demonstrable on roentgen examination Kauf- 
mann 17 suggested that the periodicity of symptoms and clinical manifestations in 
patients with ulcer are due to periodic changes m activity of the vagus nerve 

The syndromes of peptic ulcei and angina pectoris have many similarities Both 
conditions affect males predominantly, and both have a definite familial distribu- 
tion Angina pectoris, as well as peptic ulcer, is rarely encounteied in Negroes 18 
Moie significant, probably, is the periodicity of symptoms m both conditions, the 
altei nation of states of activity and l emission Periodicity of symptoms is well 
recognized m the syndrome of peptic ulcer and is indeed of gieat diagnostic value 
It is not widely lecognized that the anginal syndrome frequently exhibits similar 
altei ations of activity and freedom from pain Anginal symptoms may reappear 
suddenly after the patient has been without pam for months or years Sometimes 
this is due to fresh arterial aud myocai dial lesions, at times anginal pam may 
lecui on effort without evident development of fresh lesions and with no recog- 
nizable cause In both disease states the symptoms tend to recur during periods 
of emotional stress 

Angina pectoris, like the pam from peptic ulcer, fiequently awakens the patient 
fiom sleep during the night During sleep there is increased activity of the vagus 

13 Hall, G E , Ettmger, G H , and Banting, F G An Experimental Production of 
Coronary Thrombosis and Myocardial Failure, Canad M A J 34 9, 1936 

14 Braun, L , and Samet, B Zur khnische Bedeutung des “Vagusdruckes,” Wien klin 
Wchnschr 40 1383, 1927 Weiss, S , and Baker, J P The Carotid Sinus Reflex in Health 
and Disease, Medicine 12 297, 1933 Mandlestamm, M E Vegetative Cardiac Reflexes and 
Angina Pectoris, Vrach gaz 35 741, 1931 

15 Hochrem, M , and Schleicher, I Ulcus pepticum und Angina pectoris, Munchen 
med Wchnschr 88 328, 1941 

16 von Bergmann, G Ulcus Pepticum, in von Bergmann, G , Staehehn, R , and Salle, V 
Handbuch der mneren Medizin, ed 3, Berlin, Julius Springer, vol 3, pt 1, p 524 

17 Kaufmann, J Bemerkungen uber die pathologische Bedeutung der Funktionsstorungen 
des Magens, Arch f Verdauungskr (supp ) 19 85, 1913 

18 Boland, F K Peptic Ulcer and Diseases of Biliary Tract m Southern Negro 
Influence of Diet, Ann Surg 102 724, 1935 
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coronary arteries that they have paid little attention to the functional changes m 
the coronary circulation that may also give rise to anoxemia of the heart muscle In 
recent years it has been shown that myocaidial infaiction may lesult from transient 
coronary insufficiency in a patient with diseased coi onaiy ai teries This insufficiency 
may be due to hemorrhage, shock or any physical strain that leads to an imbalance 
between the oxygen needs of the heait muscle and the capacity of the diseased 
coronal y aitenal bed to delivei to the heart muscle sufficient oxygen-carrying blood 

There is as yet little recognition of the role of leflex coronaiy vasoconstrictor 
factois m the genesis of the anginal syndrome and of myocaidial infarction Hebei - 
den, 4 m his original description of angina pectons, called it a spasmodic complaint 
and pointed out that “its attacks are often aftei the fiist sleep, which is a circum- 
stance common to many spasmodic disorders” Robeits 5 emphasized the lmpoi- 
tance of psychogenic and neuiogenic factois in the pioduction of the anginal 
syndiome More recently one of us 0 called attention to reflex mechanisms in 
certain coronary syndromes 

The significance of vasomotor changes ot the calibci of the coionar} aitenes 
m the clinical syndromes of coronaiy aitery disease has been renewed by Gilbert " 
Vasconstnctor impulses leach the coronaiy ai teries through the vagus nerve 
Dietnch and Schweigel 8 in von Beigmann’s laboiatory found that distention of the 
stomach with a rubber balloon caused a maiked decrease m coronary flow This 
effect was abolished by section of the vagus nerve or by administration of atropine 
These experiments were confirmed by Gilbert, Fenn and LeRoy D Distention ot 
the dog’s stomach at the esophageal onfice has the greatest effect in reducing 
coronary flow This observation may tluow some light on the common association 
between hiatal hernia and angina pectons Gilbert, in a loentgen stud} of 44 
patients with angina pectoris, discoveied hiatal henna m 17 per cent These experi- 
ments also offer an explanation foi the occunence of angina pectons with diverticula 
of the lower part of the esophagus and foi angina pectons induced by swallowing 10 
Swalm and Mornson 11 lecorded cases in which distention of the esophagus caused 
anginal pam and changes in the RT segment of the electi ocardiogi am as veil as 
exti asystoles 

Manning, Hall and Banting 12 can led out prolonged electrical stimulation of 
the vagus nerve m dogs At autopsy they repeatedly found capillary congestion 
and hemorrhage in the heait, some early hyaline degeneiation in the caidiac mus- 
cle and mfarcted areas m the anterior papillary muscle Changes m the form of 
the T wave were constant In addition, there was marked congestion with hemoi- 

4 Heberden, W Commentaries on the History and Cure of Diseases, Boston, Wells &- 
Lilly, 1818, p 296 

5 Roberts, S R Nervous and Mental Influences in Angina Pectoris, Am Heart T 
7 21, 1931 

6 Boas, E P Some Immediate Causes of Cardiac Infarction, Am Heart J 23 1, 1942 

7 Gilbert, N C Influence of Extrinsic Factors on the Coronary Flow and Clinical 
Course of Heart Disease, Bull New York Acad Med 18 83, 1942 

8 von Bergmann, G Das “epiphrenale Syndrom,” seme Beziehung zur Angina pectoris 
und zum Kardiospasmus, Deutsche med Wchnschr 58 605, 1932 

9 Gilbert, N C , Fenn, G K, and Le Roy, G V The Effect of Distention of 
Abdominal Viscera on Coronary Blood Flow and Angina Pectoris, JAMA 115 1962 
(Dec 7) 1940 

10 Edeiken, J Angina Pectons and Spasm of the Cardia with Pam of Anginal Dis- 
tribution on Swallowing, J A M A 112 2273 (June 3) 1939 

11 Swalm, W A , and Mornson, L M Relation of Gastro-Intestinal Disorders to 
Angina Pectoris and Other Acute Cardiac Conditions, Rev Gastroenterol 6 41, 1939 

12 Manning, F W , Hall, G E , and Banting, F G Vagus Stimulation and the Pro- 
duction of Myocardial Damage, Canad M A J 37 314, 1937 
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The histories piesented m this paper, mteipieted in the light of the foiegoing 
discussion, suggest that the common denominator of the syndromes of angina 
pectoris and peptic ulcer is heightened excitability of the vagus nerve Symptoms 
of peptic ulcei may arise from vagal activity in the stomach, and symptoms of 
angina pectons may result from vagal coionaiy vasoconstriction A functional 
disturbance of one organ may reflexly, via the vagus nerve, induce a disoider m 
the othei This tram of events is illustrated in case 3, in which angina pectoris 
appeared with recurience of a gastric ulcer, and in cases 6 and 7 with “ulcei tim- 
ing” of the anginal seizures More often a constitutionally determined heightening 
of tone oi excitability in the vagus neive seems to be responsible for simultaneous 
dysfunction of both the stomach and the heart Cases 1, 2 and 5 illustiate this 
condition Some day investigation may disclose what role, if any, the acetylcholine 
mechanism plays in these states of heightened activity of the \ agus nerve 

Patients with angina pectoris, as a rule, walk with greater difficulty aftei eating 
because anginal pam is more readily induced It is caused by the increased work 
imposed on the heart by the digestive process as well as by the reflex coionary 
constriction lesulting from gastric distention and contraction Gilbeit, Fenn and 
LeRoy 0 succeeded m abolishing or lessening this greatei susceptibility to anginal 
pam after eating by giving atropine Some patients with the combined syndromes 
of peptic ulcer and angina pectoris walk more freely and farther after a meal 
(case 4) In these patients anginal pam developing on effort is a pioduct of the 
i anous forces operative at the moment Whether the patient can walk more fi eely 
when the stomach is full oi when it is empty will depend on which influence is the 
stronger, the vasoconstrictor effect on the coionary arteries, conditioned leflexly 
by the gastric distention induced by the meal, oi the inhibition of the hunger con- 
tractions by the introduction of food into the stomach and the consequent reduction 
of afferent impulses or of vagal tone 

Patients with the combined syndromes of peptic ulcei and angina pectons when 
treated for the symptoms of peptic ulcer often report relief from the anginal 
seizuies Such patients should receive a modified Sippy diet or some other suit- 
able diet, with frequent feedings In addition they should receive full doses of 
atropine, enough to induce dryness of the mouth , this necessitates giving fi om % 50 
to y 7 5 gram (0 43 to 0 86 mg ) three or four times a day One-third to y 2 gram 
(0 022 to 0 032 Gm ) of phenobarbital given three times a day lessens reflex 
excitability In some cases alkalis or colloidal aluminum hydroxide may be useful , 
m others these drugs seem to be of less value 

Glyceryl trinitrate should be used freely for postprandial pain, no matter where 
the pam is located At times erythrol tetramtrate, )/ 2 to 1 gram (0 032 to 0 06 Gm ) 
given four times a day, is helpful Theophylline with ethylene diamine m our 
experience gives no relief and may aggravate symptoms by irritating the stomach 

The rigidity with which this regimen should be carried out and the duration 
of treatment vary from case to case In the presence of a peptic ulcer or of 
symptoms suggesting advanced coronary narrowing and imminent coronary occlu- 
sion treatment must be prolonged If it is suspected that coronary closuie is 
occurring — and this can be judged only by the frequency of the pam and the 
readiness with which it comes on — the patient should be put to bed and treated as 
though he had coronary thrombosis Sudden change in the provoking causes of 
anginal pam, with change from angina pectoris after effort to anginal attacks at 
rest, indicates a progressive lesion in the coronary arteries and heralds the develop- 
ment of cardiac infarction Rest, the use of vasodilators and an ulcer regimen may 
relieve the coronary insufficiency in these cases and allow the establishment of 
sufficient collateral circulation to enable the patient to survive the closure of the 
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nerve Cat Ison 19 noted that hungei conti actions of the stomach aie often moie 
vigorous during sleep, piesumably because of lelative ovei activity of the vagus 
nerve in consequence of the elimination of all mhibitoiy influences that pass over 
the splanchnic nerves, Schmidt 20 attnbuted the fiequent occurrence of -visceral 
colic during sleep to overactivity of the vagus nei ve Klewitz - 1 and Messei Ie 22 
observed prolongation of the PR intei val during sleep Boas and Goldschmidt 23 
descnbed marked reduction of heait late togethei with development of pronounced 
sinus arrythmia during sleep All these are evidences of increased vagal activity 

In 1939 Weinstein and Mattikow 21 leported 2 cases m which anginal attacks 
developed before meals and in which the appeal ance of angina was associated with 
hypoglycemia Administration of dextrose piomptly relieved the anginal seizutes 
One of the patients had severe angina on walking before meals and could exert 
himself more readily aftei having eaten Both patients were tieated with low 
carbohydrate, high protein diets and weie lelieved of then anginal pain Sandlei 2o 
presented evidence to show*- that sudden spontaneous lowenng of blood sugar may 
induce anginal attacks and that patients may be relieved of their spontaneous anginal 
attacks by diets that combat gieat fluctuation of blood sugai levels It is known 
that overdosage with insulin may induce anginal pain and electrocardiographic 
changes Peskm 26 repoited the cases ot patients with lecurient abdominal pain 
simulating peptic ulcer and associated with i elatn e hypoglycemia, whose pains w ere 
relieved by diets low'- in caibohydiate 

Himwich and his associates 27 show r ed that acute hypogh cemia in dogs gives 
rise to a pictuie of widespread autonomic stimulation with initial preponderance 
of sympathetic activity and subsequent evidence of parasympathetic activit} 
Vagal effects noted weie piogiessive slowing of the heart and pi obligation ot 
the PR interval Aftei section of the vagus nerve, these phenomena did not appear 
Other authors 28 have described an mciease of gastric motility and of secretion 
resulting from hypoglycemia induced by laige doses of insulin 

Bender and Siegal 29 showed that acetylcholine or some similar agent is released 
in the body in response to hypoglycemia induced with insulin We have examined 
the blood sugar levels in a number of patients with the combined syndiomes ot 
ulcer and anginal pain but have discovered no hypoglycemia However it seems 
probable that this mechanism may be active in some of the cases 

19 Carlson, A J The Conti ol of Hunger in Health and Disease, Chicago, Unnersiti 
of Chicago Press, 1916, vol 7, p ISO 

20 Schmidt, R Die Schmerzphanomcne bei inneren Kranhheiten, dire Palhogenese und 
Differential Diagnose, ed 2, Leipzig, W Grau-Muller, 1910, p 62 

21 Klewitz, F Der Mechanismus der Herzreaktion mi Schlafe, Deutsches Arch t Klin 
Med 101 267, 1919 

22 Messerle, N Ueber den Emfluss des extrakardialcn vegetativen Nervensysteni' auf 
das Elektrokardiogram, Ztschr f d ges Neurol u Psychiat 117 499, 1928 

23 Boas, E P , and Goldschmidt, E F The Heart Rate, Springfield, 111 , Charles 
C Thomas, Publisher, 1932, p 81 

24 Weinstein, J , and Mattikow, B Angina Pectoris as a Predominating Sjmptom in 
Spontaneous Hypoglycemia, Ann Int Med 12 1886, 1939 

25 Sandler, B P The Control of the Anginal Syndrome with a Low Carbohjdrate Diet, 
M Ann District of Columbia 10 371, 1941 

26 Peskin, A R Hypoglycemia with Paradoxical Sugar Tolerance Curve Simulating 
Peptic Ulcer, J A M A 108 1601 (May 8) 1937 

27 Himwich, H E , Martin, S J , Alexander, GAD, and Fazekas, J F Electro- 
cardiographic Changes During Hypoglycemia and Anoxemia, Endocrinology 24 536, 1939 

28 Fortuyn, J D Hypoglycemia and the Autonomic Nervous System, J Nerv <5L Ifent 
Dis 93 1, 1940 

29 Bender, M P , and Siegal, S Release of Autonomic Humeral Substances m H\ po- 
gl> cemic Cats and Monkeys, Am J Physiol 128 324, 1940 
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Case 2 — This instance was reported m detail elsewhere 30 as the case of a man who at the 
age of 49 had a sudden onset of pain suggesting ulcer, as well as of anginal pain, in whom 
electrocardiography revealed an infarct of the anterior aspect of the left ventricle and roentgen 
examination disclosed a penetrating gastric ulcer of the reentrant angle 

In both cases 1 and 2 oiganic lesions of the heart and the stomach developed 
simultaneously. Brooks 31 described a case m which the diagnosis of coronary 
thrombosis was made and m which a perforated peptic ulcer was suspected At 
autopsy both acute coionary thrombosis and a perfoiated duodenal ulcer were found 

Angina Pectons zmth Ream ence of Gastuc Ulcei 

Case 3 — A man, B L , at the age of 38 complained for several months of epigastric pain 
radiating through to the back, occurring one hour after meals Roentgen study disclosed a 
gastric ulcer The symptoms remitted for over eight years but recurred when the patient 
was 46 years old The pain was similar, occurring in the epigastrium about one hour after 
meals He then, for the first time, noted a squeezing pain m the anterior part of the chest, 
which radiated to the epigastrium, occurring one hour after meals and lasting about one to 
two hours at a time He walked less readily than previously After 3 blocks he would 
become fatigued and would then experience midchest pain radiating straight through to the 
back, compelling him to rest, which led to relief 

Physical examination at this time disclosed a well built man The lungs were clear, some 
epigastric tenderness was present Fluoroscopic study revealed a heart of normal size and 
configuration, the heart sounds were of good Quality The blood pressure was 190 systolic 
and 110 diastolic The electrocardiogram showed no significant abnormalities 

The next year, at the age of 47, he had a recurrence of his symptoms of ulcer, and roentgen 
examination again showed a gastric ulcer He was given an appropriate diet and remained 
well until the next year, when he complained of pain in the right lower region of the chest, 
occurring at irregular intervals This pain was unrelated to meals or effort, but after walking 
quickly on an upgrade he would become fatigued and would be compelled to rest for several 
minutes There was no recurrence of the epigastric midchest pain on walking 

Physical examination including electrocardiographic study showed little change The blood 
pressure was somewhat lower, 150 systolic and 90 diastolic 

Inci eased Capacity for Walking Aftei Meals 

Case 4 — A man aged 54 had suffered for over twenty years from heartburn in the lower 
substernal area, occurring one to two hours after meals and relieved by alkali The pain 
would remit for seveial years at a time No gastrointestinal roentgenograms were taken 

At the age of 50 he experienced a sudden attack of palpitation associated with very slight 
midsternal pain several hours after breakfast, while being shaved There was no breathless- 
ness One hour later the sinus rhythm was regular, the heart rate was 80 beats per minute, 
the blood pressure was 138 systolic and 90 diastolic, the heart sounds were dull and there 
were no murmurs An electrocardiogram taken on the following day showed a PR interval 
measuring 0 22 second and moderate lowering of the T waves in all leads 

During the next four years he continued at his work and felt quite well, he was able to 
walk freely at all times At the age of 54 he began to experience pam in the left lower 
region of the chest and m the lower substernal area, occurring intermittently, chiefly three 
to four hours after meals, and relieved by food One week after the onset of these symptoms, 
while walking he experienced epigastric pain radiating to the lower part of the chest and 
compelling him to rest He was then given a Sippy diet with a powder Epigastric pam on 
walking continued for three weeks, when weakness and very slight pain m the lower midchest 
region replaced the epigastric pam on walking The pain in the chest was relieved by a short 
rest During this time, embracing both phases of epigastric and thoracic pam on walking, 
he noted that he could walk more freely and greater distances on a full stomach After he 
had been on the diet for five weeks, all his symptoms remitted, and he was examined two 
weeks later The findings on general physical examination were unchanged, but an electro- 
cardiogram taken at this time exhibited normal voltage of the T wave in leads I and II 

The foregoing histoiy, m addition to pointing out the increased capacity for 
walking after meals, also illustrates the clinical appearance of previously silent 

31 Brooks, H Abdominal Signs and Symptoms of Thoracic Disease, Rev Gastroenterol 
3 143, 1936 



306 ARCHIVES OF INTERNAL MEDICINE 

paiticulai coionaiy arteiy whose progressne closiue is at the loot of the exacer- 
bation of symptoms 

Patients who have had peptic ulcei and who subsequently have disease of the 
coionary aitenes may experience anginal pam on effort or the pain of coronary 
thiombosis only m the abdomen (patients in cases 9 to 13) In some cases the pam 
maj start in the abdomen and ladiate to the chest or the arms, m others it may 
commence m the chest and radiate to the abdomen This distubution of pain may 
be due to leflexes initiated by the disturbance in the heait oi, as we suggested m 
a previous paper/ 0 the pam may simply travel along neive pathways pieviously 
sensitized by the ulcer 

SUMMARY 

Certain lelations between the syndromes of angina pectons and peptic ulcei 
are described It is suggested that neurogenic mechanisms mediated by the vagus 
neive aie concerned in this association 

REPORT Or CASES 

Sudden Occttn ence o> Recun ence of Peptic Ulcei zvith Symptoms, Simultaneous Onset oj 
Angina Pectons with Electrocai diogt aphtc Evidence of Myocatdial Damage 

Case 1 — A man, F G , had meningitis at the age of 32 At the age of 47 a roentgenogram 
showed a penetrating peptic ulcer The symptoms of ulcer persisted for some three jears and 
then abated At the age of 51, for a period of two months he was awakened regularly at 
2 a m by a burning pain m the right lower region of the chest, radiating to the middorsal 
part of the spinal column, which was relieved by taking alkaline powders During this same 
period he experienced similar pain when walking in the cold 

The following year, at the age of 52, he had a recurrence for two months of similar 
nocturnal pain which lasted two or more hours at a time These attacks were not relieved 
by the powders During this time he was unable to walk more than three blocks because, 
regardless of the weather, he would experience pain in the lower substerml area and in the 
right lower region of the chest, compelling him to stop 

He was a thin man There was no tenderness in the epigastrium Fluoroscopic stud\ 
revealed a heart normal in size and configuration There was a systolic murmur at the apex 
The blood pressure was 170 systolic and 100 diastolic The electrocardiogram was normal 
He was referred to the Mount Sinai Hospital There the hemoglobin content was found 
to be 95 per cent and the white blood cell count 9,300 The stool was negative to the guaiac 
test A roentgen film showed a shallow pocket m the posterior wall of the stomach, high 
up on the lesser curvature There was an mcisura at the antrum Gastroscopic inspection 
showed a small cleancut shallow ulcer about midway up on the lesser curvature Subsequent 
loentgen examination revealed diminution in the size of the ulcer pocket An electrocardio- 
gram taken two weeks after the normal record obtained m the office showed partial imersion 
of the T wave in lead IV 

An ulcer diet and alkalis induced complete subsidence of his symptoms 
The following year, at the age of S3, he was readmitted to the hospital, complaining of 
intermittent claudication m both legs At this time he mentioned no symptoms of ulcer or 
anginal symptoms but said that he had recentl) had pain m the right lower quadrant of the 
abdomen and diarrhea A gastrointestinal roentgenogram taken at this time showed no abnor- 
mality The spleen was felt 2 fingerbreadths below the costal margin An electrocardiogram 
showed a diphasic, partially inverted T wave in lead IV 

The striking point m case 1 is the electrocardiographic change developing during 
a period of recurrence of the symptoms of ulcer and of coronary disease The 
symptoms of peptic ulcer were the most striking, and differed from the symptoms 
of ulcer which the patient had described m previous years First, the attacks in 
general were of longer duration — in fact, one attack lasted as long as five hours, 
second, for the first time the pains were not relieved by alkali, and, third, these 
symptoms of ulcer were associated with symptoms of angina on effort 


30 Boas, E P , and Levy, H Extracardiac Determinants of the Site and Radiation of 
Pain m Angina Pectons with Special Reference to Shoulder Pain, Am Heart J 14*541, 1937 
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Repeated Anginal Attacks Ocean mg at Rest and Giving Wanting of Impending Cotonary 

Closure , Commonly Occui ring One 01 Two Hows Aftei Meals o> at Night and Simu- 
lating Peptic Ulcei m Then Tuning and m the Location and Chaiacter of the Pam 

C\ se 6 — I S, a printer aged 43, was ill for ten weeks with fever and pain and swellings 
of joints He had never experienced symptoms suggesting peptic ulcer At the age of 50 he 
first noted heart burn, situated high in the epigastrium and radiating to the throat, occurring 
one to two hours after meals and lasting a few minutes For six weeks these symptoms 
persisted, with remissions of a few days at a time Then, one morning, heart burn again 
was felt at exactly the same hour This time, however, it radiated to both shoulders and to 
the head and the neck, and lasted throughout the day, relieved but slightly by food Following 
this prolonged attack, heart burn was regularly provoked by walking 5 or 6 blocks but did 
not compel him to rest He continued at his work and was examined two weeks after the 
prolonged attack of heait burn 

He was a well built man of sallow complexion The lungs were clear There was no 
abdominal tenderness Fluoroscopic study revealed a heart of normal size and configuration 
The first heart sound was somewhat dull, a systolic murmur was audible at the apex The 
blood pressure was 120 systolic and 75 diastolic The electrocardiogram revealed Q waves 
and negative T waves in leads II and III There was slight elevation of the RT segment m 
both these leads, indicating that the lesion was a recent one 

It is clear that this patient suffered coronary thrombosis two weeks previously 
and that the ulcer-like symptoms beginning six weeks before that were m the nature 
of premonitory symptoms Do these repiesent repeated spasms of the coronary 
arteries leading finally to thrombosis' 1 There is no evidence of an acute peptic 
ulcer cr even of an ancient ulcer 

C vse 7 — M S , a man aged 56, had had hay fever for several years The symptoms of 
hay fever set m on Aug 16, 1940 Three days later he was drenched m a rainstorm The 
next morning he was loath to leave his bed and noted midsternal pain During this day he 
suffered four or five attacks of pain in the middle of the substernal area, radiating to the left 
upper extremity, each attack lasting approximately ten minutes He took to bed and for 
the next week experienced repeated attacks, the last one, two days before examination, was the 
most intense and lasted fifteen minutes He had never experienced pam m the chest on walking 

Examination on August 29 revealed a well built man The pupils reacted normally to 
light The lungs were clear Fluoroscopic study revealed a heart of normal size and con- 
figuration The heart sounds were of good quality, there were no murmurs The blood 
pressure was 160 systolic and 80 diastolic The electrocardiogram showed a shallow diphasic 
T wave in lead I and a sharply inverted T wave in lead IV, evidences of a recent infarction 
of the antenor aspect of the left ventricle 

He remained in bed for two months, experiencing recurrent attacks, some severe enough 
to require morphine by hypodermic injection Subsequently he noted that moderate effort, 
such as walking 3 blocks slowly, would provoke breathlessness and pam in the lower mid- 
thoracic region, compelling him to rest When next seen, in June 1941, he stated that for the 
preceding four weeks he had suffered epigastric pain two hours after meals and that at 3 a m 
on the day of his visit he had been awakened by the same epigastric pain He stated that he 
had never experienced such postprandial epigastric symptoms m the past In view of the post- 
prandial timing of the recent symptoms, the initial history was reviewed When asked to 
enlarge on his original statement of “four or five attacks” of midsubsternal pam on the first 
day symptoms occurred, he remarked that attacks occurred at 4a m , 10 a m, 3 p m and 
again at 3 a m (He had his breakfast at 8 a m , lunch at noon, dinner at 6 p m and took 
no late supper ) During the following week the attacks referred to occurred at 3 a m , 
awakening him from sleep 

Physical examination in June 1941 disclosed good heart sounds The blood pressure was 
161 systolic and 90 diastolic The electrocardiogram showed a normal upright T wave m 
lead I and a diphasic T wave in lead IV 

In case 7 the periodicity of the initial symptoms, occurring during the phase of 
gradual coronary closure, was not recognized until the characteristic periodicity of 
symptoms occui ring nine months later led to a review of the original symptom- 
atology 
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coronary disease, brought to light by recurrent symptoms of peptic ulcer It shows 
too the remission of the anginal syndrome as the pam of peptic ulcer was relieved 
by medication and diet 

Rccm tence of Angina Pectons with Onset of Symptoms of Peptic Ulcer, Delayed Develop- 
ment of Duodenal Ulcer 

Case 5 — A man, A B, gave no history of previous abdominal svmptoms Nine months 
before he came for examination, at the age of 45, as he left his home one morning and started 
walking, he was seized by pressure in the lower part of the chest, reflected into both upper 
extremities, compelling him to halt This anginal pain occurring onlj during the morning 
walk continued for four weeks The pain then remitted completelj for eight months, and 
during this time he felt entirely well Then, two weeks before he came for examination, 
tmmediately after his usual noonday meal, he became dizzy and pale, and vomited That 
■evening epigastric pain without radiation was experienced It lasted for some two hours and 
finally was relieved by magnesium hydroxide Following this episode the epigastric pam 
recurred mornings at 11 30, it would then be relieved by taking lunch and would recur at 
3 30 m the afternoon, beginning in the epigastrium, radiating to the lower part of the chest 
and lasting fifteen minutes He would desist from his work for a few minutes and find relief 
Three days before he was examined, at 9 a m , one hour after breakfast, he experienced 
tmidabdominal pam, reflected to the lower part of the chest and lasting two hours That night 
just before retiring, at midnight, he had severe midabdominal pain radiating to the lower part 
of the chest, where it w r as more intense, for a half hour The following day three attacks 
were experienced, at 12 noon, at 4 p m and at midnight, each one lasting about tw'entj 
minutes He complained of no pain in the chest on walking at this time 

He was a well built man of good color, the lungs were clear, there were no abdominal 
findings Fluoroscopic inspection revealed a heart normal in size and configuration The heart 
•sounds were of good quality, there were no murmurs The blood pressure was 130 svstolic 
and 80 diastolic The electrocardiogram was normal It appeared clinically that the patient 
•was suffering from angina pectoris and possibly peptic ulcer He was given a modified Sippj 
diet and an alkali to take between meals A gastrointestinal roentgenogram taken immediate^ 
after the examination showed no peptic ulcer Thereafter he continued to experience diffuse 
pam in the upper abdominal region on the right and left sides, reflected to the upper dorsal 
region of the spinal column, chiefly at 9 p m , three hours after dinner Glyceryl trinitrate, 
while not immediately effective, reduced the duration of this pam from the usual thirty minutes 
to five minutes At one time he had similar pam at 4 p m , quicklv relieved by this drug 
The electrocardiogram taken six weeks after the first one showed no change 

Seven months later he had recurrent pam in the left hypochondrium, radiating to the lower 
part of the epigastrium, always at 10 a in, two hours after breakfast, and at 4 p m , four 
hours after lunch At this time, walking 5 blocks would provoke pam in the left forearm 
with slight heaviness m the lower midthoracic region Examination again showed no change 
in the electrocardiographic tracing At Mount Smai Hospital a barium sulfate meal showed a 
persistent deformity involving the distal third of the duodenal bulb This w r as interpreted as 
the result of ulceration There was also evidence of an lriegular shadow encroaching on the 
magenblase in the region of the greater curvature There was a 30 per cent residue m the 
stomach after six hours Gastroscopic inspection failed to visualize anj lesion m the esophagus 
or in the stomach The Rehfuss test meal showed, during fasting, free acidity of 64, with total 
acidity of 75 With a soft diet, milk and cream, and medication with aluminum hydroxide, the 
symptoms gradually disappeared 

In case 5 the symptoms of peptic ulcei came on suddenly, with great seventy, 
and were accompanied by symptoms of angina pectons Roentgen study, however, 
revealed no ulcer at the onset We do not know how long it took for the ulcer to 
develop, but it was certainly a matter of weeks The lesion v r as discovered at the 
first roentgen examination seven months later The couise of events here is 
analogous to that observed in patients with prodromal symptoms of coionaiy 
thrombosis, in whom anginal attacks may persist for weeks befoie there is objective 
evidence of coronary closure Similarly, symptoms of peptic ulcei may come on 
suddenly with no roentgen evidence of ulceration Only after a period of weeks 
may the ulcer be revealed by the roentgen rays 
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heart burn Cake had often provoked similar heart burn Water gave him temporary relief, 
but one hour later, the heart burn was followed by cramps m the lower substernal and right 
hypochondriac regions, which lasted until he took sodium bicarbonate, about ten minutes He 
slept that night, suffering no nocturnal pain, and the next day returned to work Beginning 
immediately after the attack, in fact the same evening, as he left his car and began to walk, 
he noted pain in the lower substernal region, radiating upward under the sternum and com- 
pelling him to slow his pace Some relief was afforded by belching On walking this symptom 
persisted 

Physical examination three weeks after this attack revealed a stocky man whose lungs 
were clear and who had no abnormal abdominal findings Fluoroscopic study revealed some 
enlargement of the left ventricle The heart sounds were dull A musical systolic murmur was 
heard over the entire precordium The blood pressure was 140 systolic and 80 diastolic The 
electrocardiogram showed no abnormality except for slight slurring of the QRS 

In case 10 the acute onset of angina pectoris followed the pattern of the previous 
pain, from ulcer, and therefore masqueraded as a recurience of that lesion 

Case 11 — A man, S G , complained of pain low m the epigastrium, beginning at the age 
of 26 and recurring intermittently for twenty-five years It occurred three hours after meals 
and often awakened him at 2 a m Roentgen examination at the age of 50 revealed a peptic 
ulcer On a diet the pain remitted, and he remained without symptoms of ulcer thereafter 
At the age of 58 he first complained of pain in the calves on walking a few blocks, compelling 
him to halt Despite the marked reduction in the number of cigarets which he smoked, these 
symptoms remained unaltered At the age of 63, while on a short walk one morning, before 
breakfast, he experienced epigastric pam without radiation that compelled him to halt Later 
in the day the pain recurred as he took another walk That night he was awakened several 
hours after retiring by the same nonradiatmg epigastric pain, lasting ten minutes During the 
following week he was awakened every night by .similar pain A few days after he began 
to take alkali after meals, the nocturnal pain remitted 

He was examined four weeks after the onset of these symptoms There was no abdominal 
tenderness Fluoroscopic study revealed a heart normal in size and configuration The heart 
sounds were of good quality, there were no murmurs The blood pressure was 120 systolic 
and 70 diastolic The electrocardiogram showed a diphasic T wave in lead IV After resting 
m bed for two weeks he noted that walking one or two blocks would bring on pam under the 
xiphoid process, radiating upward toward the neck and, on occasions, compelling him to rest 
He complained no further of nocturnal pam or of postprandial epigastric pam The anginal 
pam now was located either under the lower part of the sternum or under the xiphoid process, 
whereas a few weeks previously it was epigastric in location An electiocardiogram taken 
four weeks after the first one showed further inversion of the T wave in lead IV 

This case histoiy illustrates the original abdominal location of anginal pam in 
a patient with an old peptic ulcer Subsequently the anginal pam was confined to 
the usual coronary pathway 

Case 12 — A man, M U, beginning in his thirty-second year had had epigastnc pain four 
hours after meals, unrelieved by food and often accompanied with vomiting At the age of 
46 he underwent an operation for gastric ulcer Following the operation he remained well 
for six years and then began to have rare recurrences of nausea with vomiting, with remissions, 
up to the age of 60 Five weeks before he was first seen by us (at the age of 60) he com- 
plained of constant pam and stiffness of the left shoulder Two weeks later, while taking 
a walk he suddenly experienced pam diffusely throughout the right side of the chest, radiating 
across the midthoracic region to the epigastrium, which compelled him to halt He thereupon 
vomited much saliva and bile-stained gastric contents This afforded him great relief He 
felt well the next day, but two weeks later he suffered a recurrent attack of pam and vomiting, 
lasting fifteen minutes In the interval between these attacks there were no symptoms of ulcer, 
but walking 3 to 4 blocks, especially hurriedly, would provoke pam in the right upper region 
of the chest, always associated with epigastric pressure and compelling him to rest 

He was a thm, sallow man The lungs were emphysematous, there was no abdominal 
tenderness Fluoroscopic study revealed a heart normal m size and configuration The heart 
sounds were of good quality, there were no murmurs The blood pressure was 120 systolic 
and 70 diastolic The electrocardiogram showed slurring of the QRS in all leads, a depressed 
RT segment and a diphasic T wave in lead IV During the next months he again experienced 
pam four hours after meals, immediately relieved by food The pain was always felt first 
m the right side of the chest or in the lower substernal area , it then radiated to the epigastrium 
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Case 8 — I K , a man aged 58, had known of some degree of hypertension for one yeai 
For eight years he had complained of pam m his calves on walking a few blocks, compelling 
him to slow his pace He had not suffered from digestive symptoms m the past At no 
time did he experience pam in the chest while walking If he quickened his pace, pam m 
the calves was felt Beginning about six weeks before he came for examination and occurring 
about every other day, attacks of severe midthoracic pain were experienced chiefly at 3 to 
4 p m as well as in the hours between midnight and 4am The pain would radiate to the 
gums, then to the upper dorsal area and to both upper extremities The attacks of pam 
lasted one or two hours and were associated with slight chilliness, but there was no perspira- 
tion, dizziness, nausea, vomiting or abdominal pam During the bouts of pain he had no 
desire for food On several occasions sodium bicarbonate afforded relief from the pain bj 
inducing belching The most severe attack, occurring three days before examination, awakened 
him from sleep at 4 a m , and the pam persisted for more than two hours The relief afforded 
by sodium bicarbonate was transient, lasting but five minutes 

He was a well built man, weighing 147 pounds (66 5 Kg ) There was no abdominal 
tenderness Inconstant rales were heard at the bases of both lungs Fluoroscopic study rev ealed 
moderate enlargement of the left ventricle, slight enlargement of the left auricle and moderate 
general dilatation of the aorta The first heart sound was dull A systolic murmur was heard 
at the apex The blood pressure measured 130 systolic and 75 diastolic The electrocardiogram 
showed slurring of the QRS complex m all leads and large Q waves and diphasic T waves 
m leads I and IV The temperature was 98 F bv mouth The sedimentation rate of the red 
blood cells was 18 mm in seventy minutes 

The patient in case 8 had piodiomal symptoms of coronary occlusion for six 
weeks before the closure finally took place It is unlikely that postpi andial anginal 
pam is caused solely by the increased v\ oi k of the heart provoked by digestion 
Anginal pam may appeal while the patient is still eating, or else dui mg the night 
after digestion is completed The immediate cessation of postpi andial pam so 
commonly achieved by the eructation of gas also speaks for a neuiogemc leflex 
mechanism 

Abdominal Localisation of Anginal Pam in Patients with Antecedent Peptic Ulcer 

Case 9 — A man, M J C, in 1934, at the age of 35, complained for several months of 
hunger pams m the upper part of the abdomen, occurring three to four hours after meals 
and relieved by food Two years later gastrointestinal fluoroscopic examination apparently 
showed no ulcer At this time he complained of right-sided abdominal pam, which was 
subsequently diagnosed as renal calculus The right kidney v 7 as removed for calculi in 1936 
In November 1940, while running to catch a street car, he suddenly experienced a sharp pam 
high up in the epigastrium The pam lasted about half a minute and did not radiate Two 
days later he noted, for the first time, similar nonradiating epigastric pam on walking a few 
blocks, particularly marked shortly after meals He would be compelled to rest Late m 
November the epigastric pain recurred, became progressively worse and radiated to the left 
lower part of the chest and to the left upper extremity, and lasted about twenty-four hours 
Subsequently the temperature was elevated to 103 F 

We first saw him six days after this attack The lungs were clear, the heart was not 
enlarged to percussion, and the heart sounds were dull, there v'as no hepatic congestion 
Several weeks later fluoroscopic study showed slight enlargement of the left ventricle The 
electrocardiogram showed low voltage, with slurring of the QRS in all leads The T v'ave 
in lead I was inverted In lead IV there was a large Q wave and a deep inverted T wave 

The patient in case 9 had had symptoms of peptic ulcer at the age of 35 When 
he was 51 years old, anginal pam developed on effort, which was experienced in 
the epigastrium During the subsequent coronary thrombosis the initial pam was 
epigastric but radiated to the piecordium and the left arm 

Case 10 — A man, I A , at the age of 25, first noted heart burn in the lower substernal 
area one-half hour after meals It was relieved by taking some alkali The attacks persisted 
for over twenty years without remission, and during this time he never experienced pam m 
the abdomen At the age of 46, for the first time, he experienced nocturnal heart burn, which 
was relieved by alkali Roentgen examination was first done at the age of 47 and revealed 
an irregular duodenal cap, which was diagnosed as a duodenal ulcer The symptoms were 
controlled by an appropriate diet At the age of 49, shortly after eating some cake he suffered 
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When he was 58 years of age, a renal calculus was passed spontaneously He continued 
to have short episodes of pain in the right upper quadrant of the abdomen, occurring three 
to four hours after meals and relieved by alkali These symptoms would last a few days 
at a time and would be followed by long remissions At the age of 62 he first noted mild 
pressure in the lower anterior part of the chest on walking upgrade, he was not compelled 
to rest Shortly after this he was awakened at 2 a m by pressure in the lower part of the 
axilla, radiating to the left pectoral fold and lasting about two hours Examination at this 
time disclosed little change There was some increase in the size of the heart, but the electro- 
cardiogram was normal and unaltered He was given a modified Sippy diet and alkaline 
powders and remained well for several months , then symptoms of ulcer recurred At the same 
time effort involving the use of the right upper extremity provoked the same epigastric pain, 
irrespective of the hour Several months later he had recurrence of intermittent pectoral pain on 
the left side, occurring as a rule at 10 a m and at 4 p m , intensified by food At that time he 
noted that recurrences of postprandial symptoms of both the pectoral and the epigastric type 
were accompanied by difficulty in walking During periods of freedom from pain he was 
able to walk quite freely, as much as 10 blocks, even upgrade, whereas during a period of 
postprandial symptoms, walking 2 or 3 blocks, particularly upgrade, provoked bilateral pressure 
in the lower part of the chest, radiating to the left arm and compelling him to slow his pace 
Case 15 — A man, M W , had been observed at frequent intervals since 1936, when he 
was 48 years old He gave no past history of ulcer or ulcer-like symptoms In April 1936 
he first complained of mild pains in the right upper extremity, lasting for a few minutes at a 
time and bearing no relation to effort Two weeks after the onset of this symptom, he 
experienced pinching pain in the anterior part of the chest and the upper dorsal area, which 
lasted through the night The next morning morphine was administered by hypodermic 
injection and he was ordered to bed for a week On the ninth day after the attack, physical 
examination revealed a well built man of good color The lungs were clear There was 
no abdominal tenderness Fluoroscopic study revealed slight enlargement of the left ventricle 
The heart sounds were of good quality There were no murmurs The blood pressure was 
145 systolic and 85 diastolic The electrocardiogram showed a shallow inverted T wave 
in lead I During the remainder of the year 1936 he remained relatively well, suffering onlj 
mild pain and slight limitation of motion in the right and then in the left shoulder An 
electrocardiogram taken m December 1936 showed an upright T wave m lead I The years 
1937, 1938 and the first half of 1939 were characterized by freedom from symptoms, he 
worked freely and experienced no distress at work In July 1939, after walking a few blocks 
he complained of pain at the middle of the substernal area, which forced him to halt and rest 
The heart sounds were now of good quality, the blood pressuie, 140 systolic and 90 dias- 
tolic The electrocardiogram showed no abnormality, the T wave in lead I being not only 

upright but of normal contour and voltage An electrocardiogram taken in November 1939 

was normal He complained of pain in the chest only on walking in the morning In May 

1940 he stated that the morning angina was unchanged and that he could walk 8 blocks readih 
in the afternoon If he took glyceryl trinitrate before leaving his house, he could walk 8 
blocks to the station even in the morning Physical examination in May 1940 showed no 
change The electrocardiogram revealed flattening of the T wave in lead II In lead IV the 
T wave was small and inverted There was no history of an acute or severe attack of pam 
in the chest During the following eleven months there was no change in the symptoms In 
April 1941 he was awakened one night by severe pam in the middle of the anterior part of 
the chest, which lasted about an hour and necessitated a hypodermic injection of morphine 
He suffered an attack on each of the two succeeding days He remained in bed four weeks 
On examination in May 1941, the heart sounds were of good quality, and the blood pressure 
was 135 systolic and 80 diastolic The electrocardiogram disclosed a shallow diphasic T wave 
in lead I and a more deeply inverted T wave in lead IV There was no abdominal tenderness 
Following this attack, from time to time he experienced lower substernal pam unrelated to 
effort and recurring about every three to five hours, particularly at 3 a m , when the pain 
would awaken him Glyceryl trinitrate afforded relief from the pain for two hours, then it 
would recur at 5 to 6 a m About four to five hours later, during the daytime, the pain would 
return and would be equally relieved by glyceryl trinitrate All the attacks began as a peculiar 
mild distress localized about the umbilicus and quickly radiated into the substernal area There 
was no associated perspiration or sensation of hunger Walking a few blocks, and also excite- 
ment, would now induce the substernal pam directly (unaccompanied by the abdominal 
component) He differentiated clearly the immediate thoracic pam of effort and excitement 
and the abdominal-thoracic pam which occurred when he was at rest and at intervals char- 
acteristic of pam from peptic ulcer The symptoms showed no tendency to remission for six 
months Then, m November 1941, he made a habit of taking 2 drachms (7 76 Gm ) of 
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and was at times associated with mild cough or belching The patient stated that the area 
just to the right of the middle of the sternum had been his “Achilles’ heel” since an attack 
of influenza in 1918 Subsequently, whenever he suffered any infection of the upper respiratory 
tract he would feel pain first in this area and on coughing would feel as though the sputum 
were coming from this same spot Beginning shortly after the onset of the anginal pain on 
effort, the slightest excitement or emotional upset would provoke the same pattern of pam, 
beginning at the right parasternal area, radiating to the epigastrium and associated with belching 

The foregoing case histoiy illustrates the radiation of pain in the chest to the 
epigastrium, as well as the ulcei -like component of vomiting, during the fit st episode 
of angina pectoiis The anginal pain was localized to an aiea in the right side of 
the chest sensitized twenty-two yeais pieviously by an attack of influenza 

Case 13 — A man, M C, from his twenty-eighth to his thirtieth year was often awakened 
from sleep at 2 a m by heart burn high in the epigastrium, which was relieved by drinking 
hot water At the age of 35 he was awakened one night by epigastric pam which lasted until 
relieved by alkali and a hypodermic injection after one hour At the age of 50, six months 
before coming under our observation and while engaged at lus usual work he suddenh 
experienced pain m the epigastrium and the lower anterior part of the chest and vomited 
food he had recently eaten He took sodium bicarbonate and was relieved of pam m about 
half an hour During the succeeding five months he made no complaints and suffered neither 
thoracic nor abdominal pain Then, one day, while rushing to catch a tram he experienced 
severe pain in both hypochondriac areas, radiating to both arms A short enforced rest brought 
relief Since this episode, walking 2 blocks would pro\oke epigastric pam radiating to both 
arms, forcing him to halt He experienced no pam during lus routine work 

Physical examination two weeks after the incident of pam on rushing for a tram revealed 
no abnormality in the abdomen Fluoroscopic examination revealed a heart of normal size 
and configuration, there was moderate general dilatation of the aortic arch The heart sounds 
were of good quality A faint systolic murmur was heard at the apex The blood pressure 
was 100 systolic and 70 diastolic The electrocardiogram w'as normal For the next eight 
months symptoms w'ere mild and consisted of infrequent pam high in the epigastrium, occurring 
one-half to one hour after meals as well as on walking 3 to 4 blocks Then, while at woik, 
at 2 p m, one-half hour after a light lunch he experienced sudden epigastric pain radiating 
to the entire anterior part of the chest and to both upper extremities, lasting about ten minutes 
Three days later he suffered two recurrences of similar but more severe pam, the first lasting 
fifteen minutes The first attack was characterized by epigastric pam alone and lasted twehe 
hours Since this episode, walking as little as 50 feet (15 meters) w'ould provoke the epigastric 
pain radiating to both upper extremities, compelling him to rest, with quick relief Glycervl 
trinitrate relieved the pain Physical examination now revealed a palpable, slightly tender 
liver and dulness of the heart sounds There were alterations in the electrocardiogram, with 
Q waves and inverted T waves in leads II and III, and evidences of recent infarction of the 
posterior aspect of the left ventricle During a four week period of rest at home he suffered 
no pam, but on leaung home and walking 1 or 2 blocks he experienced the same pressure 
pain, high up in the epigastrium, compelling him to rest Glycenl trinitrate again was 
effective m abolishing the pam 

The development of piogiessive myocaidial damage with ultimate caidiac 
infarction, with pain expenenced chiefly in the epigastnum, and the subsequent 
development of “abdominal” angina are well exemplified m the foregoing instance 

Ready Induction of Angina Pectoiis Dm mg Pcnods of Pain ft om Peptic Ulcer, Less Ready 

Induction or Enin e Remission of Anginal Pam as the Symptoms of Ulcei Aie Bi ought 

Under Conti ol by Diet and Medication 

Case 14 — A man, H R, at the age of 36 first experienced epigastric pain about one and 
a half hours after meals Peptic ulcer was diagnosed, and he w r as operated on at the age 
of 45 Postoperatively he remained well until the age of 51, when similar epigastric pain 
leturned Two years later, at the age of 53, roentgen examination showed a recurrent ulcer 
At the age of 54 he complained of dvspnea on walking a few blocks and of weakness and 
epigastric pam during work Physical examination at this time disclosed a well built man 
of good color, wuth slight emphysema of the lungs Fluoroscopic studv revealed slight enlarge- 
ment of the left l entricle The heart sounds w r ere of good quality , there u r ere no murmurs 
The blood pressure w r as 160 svstolic and 80 diastolic The electrocardiogram w'as normal 



PROTECTIVE ACTION OF VITAMIN C AGAINST 
EXPERIMENTAL HEPATIC DAMAGE 
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Aii associate and I 1 previously found that if a hepatoxin, carbon tetiachloiide, 
v\eie given to dogs they could be made to exciete all instead of about half of a 
given dose of the sympathomimetic annne amphetamine More recently I showed 
that if dogs weie put on a maintenance dose of the amine, saturating the animals 
with Mtamm C (ascorbic acid) would reduce the excretion of amphetamine to 
about one third of the amount noimally excieted 2 This together with the m vitro 
deamination of the amine demonstiated the role of ascorbic acid m the detoxication 
of these compounds However, to our surpnse, if dogs saturated with vitamin C 
weie given carbon tetiachloride orally, the excretion of amphetamine did not rise 
above normal 

These observations suggested that ascorbic acid might piotect the animals 
against the toxic action of carbon tetrachloride on the liver It was deemed moie 
suitable to turn to guinea pigs for the pursuit of the problem The purpose of this 
study, then, has been to determine whether ascorbic acid admmisteied to a group 
of guinea pigs maintained on a scorbutogemc diet would protect them against 
hepatic damage 

PROCEDURE 

All the animals were maintained on a diet of Purina mixed rabbit chow checkers, 3 which 
is quite adequate except for vitamin C In some instances the pellets of food were ground 
and mixed with 5 per cent brewers’ yeast to supplement the vitamin B complex without 
influencing the results Ecker and Pillemer 4 have reported that guinea pigs maintained on 
a similar diet showed signs of scurvy in twenty-one days and that 10 to 20 mg of ascorbic 
acid per day was necessary to maintain maximal plasma concentration of the vitamin 
Throughout the experiments the animals receiving ascorbic acid were given 30 mg daily 
This was made up with half its -weight of sodium bicarbonate, dissolved in an equivalent 
of 1 cc of distilled water and injected subcutaneously immediately 

Hydrazine sulfate was selected for the experimental production of hepatic damage, for 
Wells 5 has shown that it is a poison with an almost specific effect on the cytoplasm of 
the parenchymatous cells of the liver When this chemical is given, the liver alone evidences 
structural alterations The substance attacks the cytoplasm primarily, only much later affect- 
ing the nucleus, and causes profound fatty degeneration The urinary products of dogs seem 
quite normal after a SO mg per kilogram dose of hydrazine sulfate, according to Underhill 
and Kleiner 6 


From the Department of Physiology, University of Wisconsin Medical School 

1 Beyer, K H, and Skinner, J T The Detoxication and Excretion of Beta Phenvl- 
lsopropylamine (Benzedrine), J Pharmacol & Exper Therap 68 419 (April) 1940 

2 Beyer, K H The Action of Vitamin C and Phenol Oxidase in the Inactivation of 
Beta Phenyhsopropylamine, J Pharmacol & Exper Therap 71 394 (April) 1941 

3 The composition of the diet was as follows protein, 15 35 per cent , fat, 2 38 per cent , 
carbohydrates, 64 61 per cent (including 16 86 per cent fiber) , calcium carbonate, phosphorus, 
sodium chloride, potassium iodide, magnesium sulfate, and per pound (0 5 Kg) approxi- 
mately 5,000 international units of vitamin A, approximately 400 international units of vitamin 
Bi, approximately 3,000 micrograms of riboflavin (vitamin B 2 ) and negligible vitamin C 

4 Ecker, E E , and Pillemer, L Vitamin C Requirement of the Guinea Pig, Proc 
Soc Exper Biol & Med 44 262 (May) 1940 

5 Wells, H G The Pathological Anatomy of Hydrazine Poisoning, J Exper Med 
10 457 (July) 1908 

6 Underhill, F P , and Kleiner, J S The Influence of Hydrazine upon Intermediary 
Metabolism in the Dog, J Biol Chem 4 165 (Feb ) 1908 
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magnesium hydroxide at 8 30 p m, one-half hour before retinng Within a few days he 
noted that the nocturnal attacks, though of the same frequency, were of lesser intensity In 
general, the attacks at rest were modified and milder while he was taking erythrol tetramtrate, 
from August to November 1941 

Examination in November 1941 showed minor electrocai diograpluc alterations but no other 
changes There was no abdominal tenderness He was now given a modified Sippy diet and 
aluminum hydroxide gel after meals Three weeks later he leported that he felt stronger 
and better generally Attacks of thoracic pain continued to appeal at 10 a m , 3 p m and 
3 to 4 a m , rarely at 7 p m , but were distinctly milder and quickly relieved by glyceryl 
trinitrate No change was noted on examination In addition to these drugs, atropine Ymo 
grain (043 mg) and phenobarbital grain (0 032 Gm ), each three times dailv, were 
prescribed He was last seen in January 1942 Improvement was continuous About once a 
week he was awakened at 2 to 4 a m by the same pressure m the lower substernal area, 
quickly relieved by glyceryl trinitrate Rarely he experienced the pain at 3 to 4 p m, when 
glyceryl trinitrate also brought quick lehef He had taken a capsule containing 3 /£go grain 
of atropine and grain of phenobarbital regularly He took an alkali rarely, having found 
that the greatest relief was obtained from the capsule alone Physical examination showed 
no significant change 

Case 16 — A man, H B , began at the age of 46 to complain of intermittent pain in the 
left arm, unrelated to exertion Two years later, while he was walking, there was a sudden 
onset of squeezing apical pain radiating into the left arm and compelling him to rest This 
pain persisted on walking 

He was a thin man Theie weie healed scais at the apexes of both lungs Fluoroscopic 
study revealed a heart of normal size and configuiation The sounds were of good quality, 
and there were no murmurs The blood pressure was 110 sjstolic and 70 diastolic The 
electrocardiogram showed a flat T wave in lead I, a shallow' T wave in leads II and III 
and an inverted T wave in lead IV 

At the age of 52 he complained of midabdommal pain occurring, as a rule, two to three 
hours after meals and relieved by food The pam w r as not felt during the night Roentgen 
examination shortly after this symptom appeared revealed no ulcer Frequently with the mid- 
abdommal pam he experienced severe pain m the low'er substernal and subxiphoid regions 
The pain would be so severe and compelling as to force him to eat something for relief 
He was given a modified Sippy diet, a colloidal suspension of aluminum hydroxide and 
atropine Two months later he reported that after he began taking these medicines the 
hunger pains which occurred turn hours after meals remitted and that he walked more 
freely as much as 5 blocks Formerly he had been able to walk at best 1 or 2 blocks, 
then he would be stopped by abdominal distention radiating into the lower part of the chest 
as pam An electrocardiogram taken at this time showed some change The T wave in 
lead I was upright but of low voltage , it was diphasic in lead IV 

1185 Park Avenue 
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on the vitamin C-deficient diet for sixteen days and then killed, and their livers 
were examined and analyzed Grossly, these hveis were no different from those 
of normal guinea pigs If one expresses the relation as percentage of body weight, 
the livers from deficient and from normal guinea pigs were similar On the basis 
of these data the livers of vitamin C-deficient animals tended to have a higher 
lipoid content than did those of animals on an adequate diet, but the difference was 
not significant, especially since only 7 of the 18 vitamin C-deficient animals had a 


Table 2 — Analysis of Lweis fiom Guinea Pigs Gwen Injections of Ascoibic Acid 



Washed Liver, 

Dry Matter, Per 

Pat, Per 

Number of 

Percentage of 

centage of Total 

centage of Dry 

Guinea Pig 

Body Weight 

Weight of Liver 

Matter of Liver 

HI 

39 

28 4 

98 

H 2 

50 

24 3 

99 

H 3 

4 0 

28 S 

11 1 

H-4 

37 

28 S 

11 1 

H 5 

53 

28 3 

10 8 

HO 

39 

30 4 

10 0 

H-7 

34 

30 8 

14 0 

H 8 

37 

29 5 

12 8 

H 9 

37 

31 3 

118 

H-10 

38 

25 6 

14 0 

Average 

4 0 

28 C 

11 5 


Table 3 — Analysis of Livers fiom 

Vitamin C-Dcficicnt Guinea 

Pigs 

Number of 

Washed Liver, 
Percentage of 

Dry Matter, Per 
centage of Total 

Fat, Per 
centage of Dry 

Guiaea Pig 

Body Weight 

Weight of Liver 

Matter of Li\er 

D-l 

32 

24 7 

10 7 

D-2 

37 

28 4 

13 0 

D-3 

35 

29 1 

12 6 

D 4 

36 

32 0 

14 4 

D 5 

4 0 

290 

17 4 

D-6 

5 4 

278 

12 5 

D 7 

5 1 

21 8 

117 

D-8 

36 

23 1 

99 

D-9 

4 0 

215 

91 

D-10 

38 

218 

97 

D-ll 

4 0 

25 0 

12 4 

D-l 2 

4 0 

27 6 

15 5 

D 13 

46 

220 

13 9 

D 14 

38 

23 7 

14 5 

D 15 

4 2 

26 1 

12 9 

DIG 

4 0 

23 1 

11 2 

D-17 

38 

22 S 

121 

D-l 8 

4 3 

25 2 

12 4 

Average 

4 0 

25 3 

12 5 


hpoid content above the average of 12 5 per cent for that group (table 3) On 
the other hand, since vitamin C deficiency does markedly impair hepatic function, 
one cannot entirely dismiss this slight mciease 

Vitamin C and Hepatic Damage — Having found that there is really little 
difference histologically or m fat content between the livers of guinea pigs that 
have been maintained on an adequate diet and those maintained on a vitamin C- 
deficient diet with or without injections of ascoibic acid, I could then examine my 
original hypothesis — that vitamin C protects against hepatic damage The experi- 
ments were set up as described m the preceding section Briefly, two groups of 
guinea pigs were maintained on a diet deficient in vitamin C, and one group (A) 
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The experiment was set up as follows For purposes of comparison it was necessary to 
know the percentage of lipoid m the livers of normal guinea pigs, of ones rendered deficient 
m vitamin C and of ones given an injection of 30 mg of ascorbic acid per day This was 
to determine whether low or high intake of the vitamin influenced the lipoid content of the 
liver To determine whether vitamin C protected the animals against hepatic damage caused 
by hydrazine other guinea pigs weighing between 250 and 400 Gm were divided into two 
groups of 6 or more each Both groups were placed on the vitamin C-deficient diet, and 
their gam in weight was followed every other day One group (A) received 30 mg of 
ascorbic acid subcutaneously daily The other group (B) did not receive injections of the 
vitamin At first the gain in weight in both groups was the same, but later the animals m 
group A gained more rapidly than did the ones in gioup B After about sixteen days the 
guinea pigs in group B ceased to gam weight Then the guinea pigs in both groups were 
given injections of 25 mg of hydrazine sulfate per kilogram of body weight on two succes- 
sive days Two days after the second injection of hydrazine the animals were killed and 
autopsied The livers were removed from the bodies, examined grossly and in many instances 
photographed with kodachrome film for future reference After that, the livers were weighed 
and a section was preserved for histologic study A weighed amount of the remainder of 
each liver was dried in an oven, weighed again and powdered for extraction of the lipoid 
fraction The lipoids of a weighed amount of liver from each guinea pig were extracted 


Table 1 — Analysts of Livers from Notmal Guinea Pigs 



Washed Liver, 

Dry Mnttcr, Per 

Pat, Per 

Number of 

Percentage of 

centage of Totnl 

centage of Do 

Guinea Pig 

Bod> Weight 

Weight of Liver 

Mnttcr of I her 

N 1 

4 2 

32 8 

91 

N 2 

4 1 

3C2 

97 

N 3 

38 

312 

99 

N4 

38 

30 5 

80 

N 5 

3 5 

30 7 

93 

N 6 

39 

32 3 

110 

N 7 

37 

30 0 

13 5 

N8 

3 G 

280 

14 0 

N9 

32 

28 3 

12 3 

N 10 

43 

32 3 

IIP 

Nil 

27 

45 0 

88 

N-12 

40 

38 8 

75 

N 13 

47 

30 2 

92 

N 14 

49 

290 

91 

Average 

39 

32 5 

10 2 


with chloroform in a modified Soxhlet continuous extractor, the penod of extraction being 
twenty-four hours, and at least two determinations were made on each sample of liver After 
extraction the chloroform was allowed to evaporate from the lipoid fraction at 80 to 90 F , 
the residue was weighed and calculated as a percentage of the dry weight of liver Thus 
anatomic and chemical evidence of any damage done to the livers was obtained 

RESULTS 

Analysis of Normal Liveis — The lesults of analysis of the livers of 10 normal 
guinea pigs are given in table 1 The washed livers removed from the bodies ot 
normal guinea pigs represented an average of 3 9 per cent of the body weight, 
the dry matter 32 5 per cent of the total livei weight and the lipoids 10 2 per cent 
of the dry mattei Control values foi liveis from 10 guinea pigs receiving 30 mg 
of ascorbic acid subcutaneously for sixteen days are given m table 2 Companng 
tables 1 and 2, one can see that the data in the latter table agree remarkably closely 
with those for the normal guinea pigs 

In an effort to help clear up an uncertainty 7 about the effect of avitaminosis C 
on hepatic fat and for comparison with other data, IS guinea pigs were maintained 

7 Spellberg, M A , and Keeton, R W Production of Fatty Livers in Guinea Pigs 
with Scorbutogemc Diets, Proc Soc Expei Biol & Med 41 570 (June) 1939 
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Fig 1 — The effect of hydrazine on the livers of guinea pigs Guinea pig HH-14 had 
received subcutaneous injections of 30 mg of ascorbic acid per day Guinea pig DH-18 had 
not received vitamin C Both animals were on a scorbutogenic diet foi sixteen days before 
being given hydrazine sulfate, 25 mg per kilogram on two successive dajs Expiessed as 
percentage of total body weight, the liver of guinea pig DH-18 was 68 pei cent heavier than 
that of guinea pig HH-14 



Fig 2 — A section from the liver of guinea pig HH-14, X 100, stained with hematoxylin 
and eosm This section was selected to show one lobule with the central degeneration typical 
of hydrazine poisoning The architecture around the smaller central vein is more typical 
of the animals that have received adequate vitamin C 
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was given daily injections of ascorbic acid Guinea pigs m both groups received 
hydrazine on the same days after those m gioup B ceased to gam weight 

Table 4 presents data on 19 vitamin C-defiuent guinea pigs, each of which 
was given a total of 50 mg of hydrazine sulfate per kilogram of body weight 


Table 4 — Analysis of Lwets fiom Vitamin C-Deficicnt Guinea Pigs Given 

Injections of Hydtasine 


Number of 

Guinea Pig 

Washed Diver, 
Percentage of 
Body Weight 

Dry Matter, Per 
centage of Total 
Weight of Lher 

Pat, Per 
centage of Dry 
Matter of Liver 

DH1 

10 2 

14 S 

20 0 

DH2 

30 

29 4 

10 2 

DH3 

5 o 

19 3 

22 0 

DH4 

o 3 

20 1 

27 5 

DH5 

61 

23 5 

19 0 

DHO 

37 

21 0 

19 8 

DH7 

13 

20 8 

18 9 

DHS 

1 1 

20 0 

20 0 

DH9 

1 0 

24 5 

17 4 

DH 10 

5 9 

20 0 

25 8 

DH 11 

32 

22 3 

298 

DH 12 

71 

21 S 

30 0 

DH 13 

5 5 

25 7 

23 2 

DH 14 

31 

21 4 

205 

DH 15 

1 7 

20 0 

24 3 

DH 16 

33 

CO 

-7 

170 

DH 17 

53 

22 0 

24 0 

DH 18 

1 5 

29 0 

312 

DH 19 

49 

290 

318 

Average 

5 5 

214 

23 3 


Table 5 — Analysis of Livers fiom 

Guinea Pigs Given Both 

Vitamin C and Hydrasmc 

Number of 

Washed Liver, 
Percentage of 

Dry Matter, Per 
centage of Total 

Tat, Per 
centage of Dry 

Guinea Pig 

Body Weight 

Weight of Liver 

Matter of Liver 

HH1 

5 5 

25 0 

15 6 

HH 2 

1 s 

21 5 

16 7 

HH3 

1 8 

27 0 

18 5 

HH 4 

1 7 

272 

14 S 

HH 5 

5 C 

22 0 

15 8 

HH 6 

1 0 

21 3 

14 2 

HH 7 

1 2 

21 5 

15 9 

HH 8 

1 2 

21 9 

15 2 

HH 9 

50 

19 0 

12 0 

HH 10 

1 0 

23 3 

16 3 

HH 11 

33 

22 3 

15 2 

HH 12 

1 3 

20 8 

12 1 

HH 13 

38 

2S2 

17 8 

HH 14 

1 1 

23 0 

10 2 

HH 15 

1 7 

19 5 

11 7 

HH 10 

5 5 

23 0 

14 S 

HH 17 

1 2 

22 5 

15 4 

HH 18 

1 1 

296 

14 3 

Average 

1 5 

23 4 

15 5 


subcutaneously Compared to the vitamin C-deficient animals m table 3, there 
was a 37 5 per cent increase in the liver weight as compared to body weight in the 
case of the animals rendered toxic The figures for percentage of water and dry 
matter are almost identical m the two sets of data One has only to compare the 
lipoid content of the two groups of animals to visualize the fatty nature of the 
livers of the animals receiving hydrazine There was an 86 5 per cent increase 
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its livei weighed 20 6 Gm The paleness of the liver of guinea pig DH-18 as com- 
paied with that of guinea pig HH-14 is evident Actually, the former hvei was 
quite yellow 

Microscopically, it is m the liveis of guinea pigs having leceived ascorbic acid 
that the early stages in the pathogenesis of this fatty degeneiation due to hydrazine 
can be traced best Here one sees that the process begins at the center of the 
lobule, decreasing in severity as it spreads toward the periphery The process 
begins as a cloudy swelling of the cytoplasm As the degeneration develops, one 
sees aieas of condensation and rarefaction in the cytoplasm, as manifested by 
staining leactions, cell demarcation becomes indistinct, and the architecture of 



Fig 4 — A section from the liver of vitamin C-deficient guinea pig DH-19 which had 
been damaged by hydrazine, X 100, stained with hematoxylin and eosin Though the mag- 
nification is the same as that of figure 2, the increase m the size of cells, the general loss 
of architecture and the destruction of cells and nuclei involved in the fatty necrosis are 
obvious Both this liver and that represented in figures 2 and 3 had lipoid contents approxi- 
mating the average for the respective experimental groups 

the lobule becomes increasingly distorted Finally, one may see isolated cells 
containing vacuoles in the cytoplasm, presumptive evidence of the presence of fat 
at one time Manifestation of nuclear involvement is not apparent until relatively 
late in the process, and then it is one of early karyolysis This is seldom seen 
in the livers of animals receiving adequate amounts of vitamin C 

Figures 2 and 3 show a section from the liver of guinea pig HH-14 at two 
different magnifications The section under knv pow r er (fig 2) has been deliber- 
ately selected to show the central involvement of the lobule typical of the patho- 
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m the lipoid content of the livers of vitamin C-deficient animals that received 
hydrazine over that of the control avitaminotic animals 

Hydrazine did increase the lipoid content of the liver m animals that received 
an adequate amount of vitamin C (table 5), as compared with the controls given 
injections of the vitamin (table 2) There was no significant increase m the 
weight of these livers, though the percentage of dry matter was decreased 18 2, 
which suggests the hydropic changes verified by histologic examination 

Fmall) a comparison of tables 4 and 5 is of interest As a result of the 
hydrazine poisoning those animals that did not receive an adequate amount of 
vitamin C showed a 22 2 per cent greater liver weight and a 50 3 per cent greater 
lipoid content of their livers than did the guinea pigs that received ascorbic acid 



Fig 3 — A portion of the section shown in figure 2, X 400 The cellular appearance is 
essentially normal There are some hydropic changes in the cytoplasm 

Gioss and Mm oscopic Evidence — These analytic findings are borne out both 
by gross and by microscopic evidence 

Grossly, the livers of animals that received vitamin C and hydrazine were 
almost indistinguishable from the livers of normal guinea pigs The livers of the 
guinea pigs deficient m vitamin C and given injections of hydrazine were relatively 
large, pale to definitely yellow, friable, somewhat hemorrhagic and yellowish on 
cut surfaces Figure 1 compares the livers from 2 guinea pigs Both animals 
were given injections of hydrazine, but guinea pig HH-14 received vitamin C and 
guinea pig DH-18 did not The difference m size is not so apparent unless one 
appreciates the difference in weight of the 2 animals Guinea pig HH-14 weighed 
430 Gm , and its liver weighed 19 1 Gm Guinea pig DH-18 weighed 290 Gm , and 
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him lo suggest that dextiose might be beneficial m the pievention and tieatment 
ot hepatic neciosis induced by chloioform anesthesia While the use of this foirn 
of theiapy has had wide acceptance, the actual explanation of how it works is not 
\et clear Recently it has been suggested that a diet emphasizing piotem and 
cai bolv\ diate may be better than one of caibohydiate alone 10 

Theie is mci easing evidence that ascorbic acid plays a significant role m the 
metabolism of pioteins and caibohydrates in the liver, as well as in detoxication 
and the healing of rounds Mnva 11 showed that m experimental scurvy the 
Golgi appai atus was deci eased, but if ascoibic acid was given both the vitamin C 
lei el and the Golgi appai atus mci eased in the liver and the kidney Also, the 
numbei of Golgi appai atus neaily paialleled the content of vitamin C in the 
damaged liters of labbits Muiakanu 12 found that feeding guinea pigs on a 
Mtamin C-deficient diet deci eased the excretion of bile and of bile pigment together 
with the detoxicating functions of the liver If ascoibic acid w^as given to the 
animals, the distuibance m these functions was lemoved In view of the present 
undei standing of the function of the Golgi appai atus, these observations of Miwa 
and Muiakanu tend to substantiate each othei 

It has been known since 1903 that leucine, tyiosme and ammoacetic acid 13 
aie eliminated in consideiable quantities m the mine after poisoning with the 
hepatotoxin phosphorus, but only lecently evidence has been found for a direct or 
an indirect participation of vitamin C m piotem metabolism Romanyuk 14 has 
shown that cathepsm activity of kidney, liver and muscle was increased dui mg 
avitaminosis C in guinea pigs Levine, Mai pies and Goidon 15 leported that some 
piemature infants excreted parahydi oxyphenyllactic acid and paiahydtoxyphenyl- 
p)iuwc acid If phenylalanine or tyiosme was fed to the infants, the excretion of 
the substances just mentioned increased, but if human milk or ascorbic acid was 
gnen in the diet, the excretion of the compounds dropped to zeio Similar results 
were obtained by Sealock and Silbeistem, 16 who found that vitamin C-deficient 
guinea pigs fed 0 5 Gm or moie of tyrosine pei day excieted homogentisic acid, 
parahydroxyphenylpyruvic acid and paiahydroxyphenyllactic acid If 10 mg or 
so of ascorbic acid was fed daily to the animals, the excietion of these metabolites 
was prevented 

10 (a) Miller, L L, and Whipple, G Ii Chloiofoim Liver Injuiv Increases as Pio- 
tem Stores Decrease Studies in Nitiogen Metabolism m These Dogs, Am J M Sc 199 
204 (Feb) 1940 ( b ) Messinger, W J, and Hawkins, W B Arsphenamine Liver Injury 
Modified by Diet Protein and Carbohydrate Protective, but Fat Injurious, ibid 199 216 
(Feb) 1940 (c) Ratdin, I S The Piotection of the Liver from Injury, Surgery 8 204 
(Aug) 1940 

11 Mnva, A Golgi’s Apparatus and Vitamin C Expenmental Studies, Orient J Dis 
Infants 26 3 (July) 1939 

12 Murakami, O The Influence of Ascoibic Acid upon the Liver Function and the 
Mutual Relation Between Vitamins B and C I Influence of Ascorbic Acid upon the Pig- 
ment Excreting Function of the Liver, Jap J Gastroenterol 11 1 (July) 1939 

13 Abderhalden, E, and Bergell, P Concerning the Elimination of Monoaminoacids in 
the Urine of Dogs Following Phosphorus Poisoning, Ztschr f physiol Chem 39 464, 1903 

14 Romanyuk, N M Cathepsm Activity in the Brain and Muscles During C Avita- 
minosis, Biochem J (Ukiaine) li 354, 1940 

15 Levine, S Z , Marples, E, and Gordon, H H Defect in the Metabolism of Aro- 
matic Ammo Acids in Premature Infants The Role of Vitamin C, Science 90 620 (Dec 
29) 1939 

16 Sealock, R R , and Silberstein, H E The Excretion of Homogentisic Acid and 
Other Tyrosine Metabolites by the Vitamin C Deficient Guinea Pig, J Biol Chem 135 251 
(Aug ) 1940 
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genesis of this process but infiequently advanced to this degree m the liveis of 
guinea pigs that have received vitamin C The granular, fairly noimal appearance 
of the cytoplasm is evident at the highei magnification (fig 3) 

Examination of sections from livers of vitamin C-deficient guinea pigs that 
have received hydrazine reveals the final stages m this pathogenesis Here one 
sees relatively little of the eaily stages, foi m almost all the lobules theie is 
widespiead vacuolation of the swollen cells, some of them containing nuclei haMng 
some semblance of normality and others showing only a hematoxylin-stained shell 
or nuclear membrane In some lobules the process has gone on to necrosis In 
these the lenmants of cells are laige containing little 01 no cytoplasmic matenal 




- rs ;v vw * ro* t "Vv l?7 

X/- k -1 ‘ ' S a/ 

X % : i' T&r 


Fig 5 — A portion of the section shown in figure 4, X 400 

and sometimes no evidence of a nucleus These latei developments are to be seen 
m figures 4 and 5, the magnifications of which aie the same as those of figuies 
2 and 3, respectively 

COMMENT 

It is not to be suggested that ascorbic acid supplant the use of dextiose in the 
treatment of acute and subacute hepatic damage Rather, it would seem that the 
two substances used together would be moie efficacious than eithei alone iheie 
is evidence for such a viewpoint 

Beddard, 8 in 1908, was piobably the first to report the use of caibohjdiate 
m the treatment of a hepatic disease, though the work of Rosenfeld n also led 

8 Beddard, A P A Suggestion for Treatment in Delayed Chloroform Poisoning, 
Lancet 1 782 (March 14) 1908 

9 Rosenfeld, G Fat Synthesis Part II, Ergebn d Physiol 2 50, 1903 
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Theophilus Bonetus m his Sepulchretnm in 1679 is leported by White 1 to have 
recorded cases of dyspnea, lapid bieathmg and blood spitting which presumably 
were due to pulmonary embolism and pulmonary infarction However, it remained 
for Virchow, 2 the creatoi of the doctrine of embolism and thrombosis, in 1856, 
to record an early case in which embolism of the pulmonary arteries was described 
as the cause of sudden death It is of interest to note in this report by Virchow 
that mention is made of the mechanism of death in pulmonaiy embolism He 
attributed death primarily to failure of the heart as a lesult of a decrease of flow 
through the coronary aiteries and stated that at necropsy the heart usually was 
found in the state of diastole 

More recently the mechanism of death in pulmonary embolism has been studied 
in experimental animals m an endeavor to determine the relative importance of 
mechanical and leflex factors Dunn, 3 in 1920, leported the effect of injecting 
starch particles into the veins of goats The particles lodged m the pulmonary 
arterioles, and death followed m five minutes to eight hours, depending on the 
amount of staich used Dunn noted a use of venous pressure, a drop of arterial 
pressure and an increase of respiratory rate Section of the vagus nerve largely 
abolished the tachypnea, which could be reproduced again by electric stimula- 
tion of the central end of the nerve This work was repeated by de Takats, 
Beck and Fenn 4 m 1939, with similar lesults 

In 1923 Haggart and Walker 5 reported on quantitative closure of the pulmonary 
artery in cats and the effect on the functioning of the systemic circulation It was 
noted that clamping of the left branch of the pulmonary artery increased the pul- 
monary arterial pressure 29 per cent without changing the systemic aiterial piessure, 
the cardiac size or the cardiac output The lespiratory rate, however, increased 25 
per cent By slowly constricting the mam pulmonary artery, Haggart and Walker 
found that about 60 pei cent of the lumen could be occluded before a significant 
variation in the systemic circulation occurred When more than 85 per cent of the 

From the Division of Medicine, Mayo Clinic 

This article is an abridgment of a thesis submitted by Dr Currens to the Faculty of the 
Graduate School of the University of Minnesota in partial fulfilment of the requirements for 
the degree of Master of Science m Medicine 

1 White, P D Pulmonary Embolism and Heart Disease A Review of Twenty Years 
of Personal Experience, Am J M Sc 200*577-581 (Nov) 1940 

2 Virchow, R Neuer Fall von todhcher Embolie der Lungenarterien, Virchows Arch f 
path Anat 10*225-228, 1856 

3 Dunn, J S The Effects of Multiple Embolism of Pulmonary Arterioles, Quart J 
Med 13:129-147 (Jan) 1920 

4 de Takats, G , Beck, W C , and Fenn, G K Pulmonary Embolism An Experimental 
and Clinical Study, Surgery 6 339-367 (Sept ) 1939 

5 Haggart, G E, and Walker, A M The Physiology of Pulmonary Embolism as 
Disclosed by Quantitative Occlusion of the Pulmonary Artery, Arch Surg 6 764-783 (May) 
1923 
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Since 1865 it has been repeatedly shown that in hepatic damage by hepatotoxins 
the glycogen content of the liver is rapidly and almost completely exhausted 17 
An interesting isolated observation was made by Ratsimamanga, 18 namely, that in 
guinea pigs maintained on a vitamin C-deficient diet livei glycogen and muscle 
glycogen decreased to one fifth of normal and phosphocreatme fell to one third of 
normal, while muscle lactate and blood lactate tended to increase The reports ot 
Watanabe, 19 Morelli and d’Ambrosio 20 and Terada 21 are in agreement that 
ascorbic acid injected into guinea pigs or labbits increased the glycogen content of 
the liver According to Watanabe, vitamin A and vitamin D had no effect and 
vitamin Bj and vitamin B 2 had but slight effect on glycogen production Hjorth 22 
and Dienst 23 found that admmistiation of vitamin C increased the dextrose tolei- 
ance of normal and of vitamin C-deficient patients Fan and Woo 24 and Vasile 
and Pecorella 25 observed that m children with glycogen disease and creatmuria 
theie Avas a disappearance of creatine and an mciease in the excretion of creatinine 
m the mine if 200 mg of ascorbic acid Avas fed daily This Vasile and Pecoiella 
attributed to an mci eased utilization of caibohydrate in the presence of the vitamin, 
lesulting m an increased accumulation of glycogen in the tissues 

Since on the basis of existing evidence vitamin C does play a part in the intei - 
mediate metabolism of proteins and is necessary for the presence of Golgi apparatus 
and production of bile and its pigments and since its absence or presence results 
m a diminution or increase in the gh cogen content of the liver Avith a decrease or 
increase m dextrose tolerance, it seems a definite factor in the maintenance and 
repair of hepatic function and structure The experiments presented in this 
communication seem to bear out the theory that vitamin C does protect against 
hepatic damage 

SUMMARY 

Analytic and histologic evidence is presented foi the piotectne action of vitamin 
C against hepatic damage Vitamin C-deficient guinea pigs shoAved an average 
ot 50 3 per cent more fat in then livers than did guinea pigs receiving adequate 
ascorbic acid Avhen both groups recening the same diet Aveie given the hepatotoxm 
hydrazine Gross and microscopic evidence bore out the severity of the fattA 
degeneration in the vitamin C-deficient animals and the lelatively mild involvement 
of the livers of normal guinea pigs leceivmg the compound 

While glycogen replacement therapy has met Avith the accoid of time, carbo- 
hydrate utilization and glycogen stoiage, as well as intermediary metabolism of 
protein, are at least m part dependent on an adequate body content of ascorbic acid 

426 North Charter Street 

17 SaikoAvsky Concerning the Fatty Metamoi phosis of the Organs FolloAVing the Inter- 
nal Use of Arsenic, Antimony and Phosphorus, Virchows Arch f path Anat 34 73, 1865 

18 Ratsimamanga, A R The Influence of Ascorbic Acid on the Behavior of the 
Organism at Rest, Travail humain 1 303, 1939 

19 Watanabe, I Effect of Various Vitamins on Glycogen Content of Experimentally 
Damaged Liver, Tohoku J Exper Med 35 65 (Jan) 1939 

20 Morelli, A , and d’Ambrosio, L Ascorbic Acid and Liver Glycogen, Arch di sc 
biol 24 351 (Aug) 1938 

21 Terada, K Effect of Vitamin C and Related Substances upon Glycogen Metabolism, 
Tohoku J Exper Med 36 180 (July) 1939 

22 Hjorth, P The Influence of Vitamin C on Carbohydrate Metabolism, Acta ined 
Scandmav 105 67, 1940 

23 Dienst, C Action of Vitamins B and C in Diabetes, Deutsche med Wchnscbr 65 
710 (May 5) 1939 

24 Fan, C, and Woo, T T Effect of Vitamin C on Creatine and Creatinine Metabo- 
lism, Proc Soc Exper Biol & Med 45 90 (Oct) 1940 

25 Vasile, B, and Pecorella, F The Influence of Vitamins on the Metabolism of Creatm 
Substances m Childhood I The Effect of Vitamin C, Pediatria 47 130 (Feb) 1939 
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and de Takats 10 recently presented experimental evidence which strongly supports 
the value of papaverine m ovei coming the constriction of the pulmonary artenal 
tree in pulmonary embolism Likewise they found that powerful bronchial con- 
striction occurs in dogs and that this often is abolished by atropine in sufficient 
doses and, to a less extent, by papaverine 11 

The possibility of a pulmonocoronary reflex has been postulated by Scheif 
and Schonbrunner, 12 who demolish ated electrocardiographic changes m 2 of 10 
dogs in which pulmonary embolism was produced The changes m the electro- 
cardiogram were mterpieted as evidence of decreased flow through the coronary 
arteries As further suggestive evidence of decreased flow through the coronary 
artenes following pulmonaiy embolism, they cited 2 cases m which angina pectons 
developed after the embolism The pain m each of these 2 cases was relieved by 
niti ite 

Indnect evidence of some type of nervous reflex has been presented by de Takats, 
Beck and Fenn in the experimental field Dogs subjected to massive pulmonaiy 
embolism died immediately after the embolism in 100 per cent of the experiments 
Suivival of 68 per cent of animals from ten minutes to twenty-four hours was 
obtained by immediate intravenous injection of a solution of atropine salt, similar 
results were obtained m 60 per cent of the animals by the use of papaverine 
The action of atropine suggests the abolition of some undesirable vagal reflex, 
while papaverine acts directly on the smooth muscle of the pulmonary arteries, thus 
deci easing the strain on the light ventncle 

Experimental attempts to produce death m animals without occlusion of the 
major portion of the pulmonary artery by emboli have been unsatisfactory Mann, 13 
in 1917, endeavored to produce sudden death in dogs by introducing emboli (paraffin 
and blood clots) into both anesthetized and unanesthetized animals He was 
concerned to And out whether emboli obstructing a relatively small portion of the 
pulmonary circuit could cause sudden death The lesults of all the experiments 
weie the same In order to produce death or to imperil the life of the animal 
seriously, he found it imperative to obstruct the pulmonary artery greatly, either 
with one large embolus or with multiple small emboli In each instance in which 
death occurred, necropsy revealed “almost complete” obstruction of the pulmonaiy 
circuit Hall and Ettmger 14 ai rived at similar conclusions m 1933 with similar 
experiments These authors also attempted to demonstrate a reflex on the heait 
of stimuli originating in the wall of the pulmonary artery and mediated by medul- 
lary centers which might account for sudden death The pulmonary artery was 
distended, both with and without occlusion, but no effect was demonstrated on aortic 
blood pressure, cardiac rate or output per beat 

The electrocardiographic changes found m typical cases of pulmonary embolism 
have been defined by McGinn and White 15 and by Barnes 16 McGinn and White 

10 Jesser, J H , and de Takats, G Visualization of Pulmonary Artery During Its 
Embolic Obstruction, Arch Surg 42 1034-1041 (June) 1941 

11 Katz, L N Personal communication to the authors 

12 Scherf, D , and Schonbrunner, E (a) Ueber Herzbefunde bei Lungenembolien, Ztschr 
f khn Med 128 455-471, 1935, (b) Ueber den pulmocoronaren Reflex bei Lungenembolien, 
Klin Wchnschr 16 340-344 (March 6) 1937 

13 Mann, F C Pulmonary Embolism An Experimental Study, J Exper Med 26 387- 
394 (Sept) 1917 

14 Hall, G E, and Ettinger, G H An Experimental Study of Pulmonary Embolism, 
Canad M A J 28 357-368 (April) 1933 

15 McGinn, S, and White, P D Acute Cor Pulmonale Resulting from Pulmonary 
Embolism Its Clinical Recognition, JAMA 104 1473-1480 (April 27) 1935 

16 Barnes, A R Diagnostic Electrocardiographic Changes Observed Following Acute 
Pulmonary Embolism, Proc Staff Meet, Mayo Clin 11 11-13 (Jan 2) 1936 
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lumen was occluded, the animals invariably died In this i egard it is of interest to 
note that Mann and his associates 0 demonstrated that consti iction of the lumen of 
small arteries in animals may be suiprismgly great without changing the rate of flow 
through the artery as measuied by the theimostromuhr The ci oss-sectional area of 
the lumen may be reduced 50 per cent without any change of blood flow, while a 
l eduction of 90 pei cent of the aiea of the lumen reduces the flow only 50 per cent 
Villaiet, Justm-Besangon and Baidm 6 7 lepoited their experimental woik with 
rabbits in 1936 They veie impiessed with the nervous factors involved in 
pulmonary embolism They noted that by sectioning the vagus nerves of rabbits 
they could mciease sevenfold the quantity of small pailiculate matter (particles of 
pumice stone 150 microns m diameter) necessaiy to pioduce sudden death On 
the contrary, by sectioning the cervicodoisal sympathetic nerves they could produce 
sudden death with only a fouith as much paiticulatc matter The stimulus for 
the sudden death, which was considered to be a lesult of leflex action on the 
geneial circulation, was thought to arise in the terminal pulmonary arterioles In 
similar experiments m which they used enamel pearls measuring from 2 to 8 mm 
in diameter, they weie unable to produce death, either sudden or delayed, with 
from 50 to 100 peails Theie was likewise no great increase of lespiration in 
these animals such as occuned when particulate matter was used The size of the 
embolizing pai tides thus greatly altered the results of the experiment 

In animals m which the vagus nerves had not been sectioned, Villaret and his 
associates were able to demonstrate a piotective action by atropine sulfate and 
ephedrme hydrochloride used in combination, in that these drugs delajed sudden 
death Chemical factors also weie found to have definite effects on the length 
of survival of rabbits Sodium bicarbonate increased the survival one hour to 
several days, while hydrochloric acid increased the susceptibility to sudden death 
The authors suggested that death from pulmonary embolism is due in part to reflex 
sympathetic inhibition in which shock is the resultant manifestation of the inhibition 
The effect on the cnculation and the heart of embolism of the mam pulmonary 
aitery or of one of its larger branches has been a much pondeied question in recent 
yeais Lenche, Fontaine and Friedmann 8 9 quoted statistics indicating that 30 per 
cent of patients dying of pulmonary embolism have small or partial occlusion of 
the pulmonary aitery oi of its branches, while de Takats, Beck and Fenn found 
that 20 per cent of then patients whose death was considered typical of pulmonary 
embolism piesented "nunoi ” pulmonary obstruction Death m such cases is 
attributed to leflex vasoconsti iction of the pulmonary arterial bed thiough the 
sympathetic nerves, which greatly increases the strain on the right ventricle and 
decreases the flow of blood to the left ventncle Lenche and his co-workers 
advocated infiltration of the stellate ganglion with procaine hydrochloride m cases 
of pulmonary embolism m an effort to release this vasoconsti iction One of us 
(Barnes D ) suggested intiavenous use of papaverine hydrochloride in order to 
release the spasm of the smooth muscle m the small pulmonary aiteries Jesser 

6 Mann, F C , Herrick, J F , Essex, H E , and Baldes, E J The Effect on the 
Blood Flow of Decreasing the Lumen of a Blood Vessel, Surgery 4 249-252 (Aug ) 1938 

7 Villaret, M , Justm-Besangon, L , and Bardin, P Recherches sur la prevention 
experimentale des accidents consecutifs sur embolies pulmonaires, Bull et mem Soc med d 
hop de Paris 52 941-944 (June 15) 1936 

8 Lenche, R , Fontaine, R , and Friedmann, L L’infiltration stellaire est-elle justifiee 
dans l’embolie pulmonaire du point de vue physiologique et anatomo-pathologique 7 Quelle 
place doit-elle occuper dans la therapeutique de cette affection 7 J de chir 50 737-748 (Dec) 
1937 

9 Barnes, A R Pulmonary Embolism, J A At A 109 1347-1353 (Oct 23) 1937 
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of the left ventricle is attributed by those authors to diminished flow through the 
right coronary artery resulting from increased tension in the right ventricle 

The purpose m the present investigation is to study the heart in cases of pul- 
monary embolism Particular attention is given to the location of any anatomic 
changes and to the frequency of these changes A correlation of interesting electro- 
cardiographic alterations with anatomic abnormalities is made 

METHOD OF STUDY 

Protocols from a six year period (1935-1941) were consulted and 307 cases of pulmonary 
embolism were studied The cases were divided roughly into surgical (70 per cent), medical 
(20 per cent) and cardiac (10 per cent) The number of surgical cases is unusually high 
compared with the data of Hampton and Castleman, 20 who gave the statistics from a large 
general hospital as surgical 40 per cent, medical 30 per cent and cardiac 30 per cent Thirty 
cases were selected for careful anatomic study of the heart, as defined in the succeeding 
paragraphs An endeavor was made to select (1) cases in which there had been clinical 
evidence of more than one pulmonary embolism (12), (2) cases in which there had been 
clinical evidence of shock for more than two hours before death (10) and (3) cases in 
which there was moderate to severe coronary sclerosis at necropsy (8) The embolism was 
considered as the primary cause of death in 26 cases and as only contributory to death in 4 

In each case the heart was examined grossly for evidence of dilatation of both auricles 
and ventricles and measurements were made of the thickness of the walls of each ventricle 
The heart muscle was examined for evidence of fresh infarction, healing infarction and 
healed infarction The interventricular septum and the posterior portion of the left ventricle 
were sectioned as well as the anterior portion of the left ventricle At least six sections 
were made for microscopic examination as follows (1) the anterior portion of the left 
ventricle, (2) the anterior portion of the right ventricle, (3) the posterior portion of the 
right ventricle, (4) the posterior basilar portion of the left ventricle, (5) the interventricular 
septum and (6) the posterior papillary muscle A few sections were made of the anterior 
papillary muscle, and sections were taken from any scarred region or one suspicious of 
fresh infarction The coronary arteries were then examined, and each artery together with 
its major branches was cut crosswise at least every 5 mm Sections were taken from the 
artery in any region where there was significant encroachment on the lumen of the artery 
or where there was evidence of a thrombus The distribution of each artery was noted, 
and, especially in regard to the posterior region of the left ventricle, note was made as to 
whether the right coronary or the left circumflex coronary artery supplied this portion 

The sections of heart muscle were examined microscopically for evidence of acute infarc- 
tion or healing infarction which might have occurred concomitantly with a clinical episode of 
pulmonary embolism In the study of any healing process of the myocardium, advantage was 
taken of the Van Gieson stain for fibrous tissue m estimating the age of the infarct 

RESULTS 

In the study of 307 cases m which emboli were found m the pulmonaiy aiteries 
at necropsy, the heart was found to weigh more than 400 Gm m about a third of 
the cases This did not include those m which there had been valvular or peri- 
cardial disease and was considered as evidence to indicate that there had been 
hypertension When the medical cases were discarded and only the surgical ones 
were considered, the percentage m which the heart weighed more than 400 Gm 
remained about the same (fig 1) 

Since practically all the patients who had had pulmonary embolism had been 
50 or more years of age, a control group was studied of patients more than 50 years 
of age who had undergone a surgical operation and who had died of some cause 
other than pulmonary embolism (fig 2) No significant difference m percentage 
of cases m which the heart weighed more than 400 Gm was noted in the surgical 
group with pulmonary embolism and a control group with the same age distribution, 

20 Hampton, A O , and Castleman, B Correlation of Postmortem Chest Teleroent- 
genograms with Autopsy Findings, with Special Reference to Pulmonary Embolism and 
Infarction, Am J Roentgenol 43 305-326 (March) 1940 
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suggested that probably the changes in the electiocaidiogram were due to “dilata- 
tion and partial failuie of the chambers of the light side of the heart” These 
authors observed the following electrocardiogi aphic changes in cases of pulmonaiy 
embolism (1) prominent S x with S-T segment starting slightly below the base 
line, (2) depressed RS-T segment in lead II with gradual ascent from the S to the 
T wave in lead II, (3) usually a diphasic oi monophasic T 3 , (4) Q wave and 
definite inversion of T wave in lead III, (5) positive T wave, occasionally diphasic, 
in Wolferth lead It must be lemembeied that a typical case of pulmonary embo- 
lism may piesent all of these features, while cases in which there are smaller emboli 
may present any one oi more characteristics of the electrocardiographic pattern 

Although strain on the right ventricle with or without resultant failure plajs 
some lole, it has been pointed out by various authors that other factors possibl) 
come into play in the complicated physiologic consequences of pulmonary embolism 
Edens was ci edited by Horn, Dack and Fnedbeig 17 with first suggesting that 
vagal stimulation rather than obstruction of the pulmonary arteiy is lesponsible 
for cardiac dysfunction and death, although no mention is made of this effect on the 
electrocardiogram Scheif and Schonbrunner 12a attributed the electrocardio- 
graphic changes from 2 of 10 dogs in which experimental pulmonary embolism had 
been pioduced to reflex constnction of the coionary arteries with resultant decreased 
coronaiy flow Love and Biugler 18 suggested othei than mechanical factors, 
such as anoxemia of the heait muscle, reflex changes m coronary circulation and 
the preexisting state of the coronary aitenes 

Love, Bruglei and Winslow, 10 using dogs, studied the electrocardiographic 
changes occurring aftei experimental pulmonary embolism and emphasized the 
element of shock and the status of the coionary arteries in the electrocardiographic 
picture Shock pioduced by hemoirhage was found not to alter the electrocai dio- 
gram By paitially ligating the anterior descending coronary aitery and then induc- 
ing shock by hemorrhage, they produced elevation of the RS-T segment in leads II 
and III, simulating coronary occlusion Expenmental embolization in 13 dogs 
revealed that depiession of the S-T segment in lead II was the finding of most 
significance, which at times was accompanied by mveision of the T waves in leads 
II and III Comparable results weie obtained by mechanical obstiuction applied 
externally to the pulmonary aiteiy No alteration of these electrocardiographic 
findings was noted after vagal or sjmpathetic denervation 

Anatomic changes in the hearts of patients who died of pulmonary embolism 
have been described recently Horn, Dack and Fnedberg studied the records ot 
42 cases of pulmonary embolism and found structural mjocaidial changes “oidi- 
nanly resulting fiom acute myocaidial ischemia” in 8 (minimal in 4) The 
location of these changes they did not define except to state that the sections were 
taken from the left ventncle The electrocai diograplnc pattern m cases of pul- 
monary embolism is attnbuted by these authois to myocardial ischemia from 
coronary insufficiency as a lesult of the intei play of three piobable factors (1) 
shock, (2) asphyxia and (3) exaggerated vagal reflexes from obstiuction of the 
pulmonaiy aiteries The similanty of the electiocai diograplnc changes in cases 
of pulmonary embolism and cases of myocaidial infarction of the postenoi wall 

17 Horn, H , Dack, S, and Triedberg, C K Cardiac Sequelae of Embolism of the 
Pulmonary Artery, Arch Int Med 64 296-321 (Aug) 1939 

18 Love, W S , Jr, and Brugler, G W Electrocardiograms Similar to Those of Coronan 
Thrombosis with Especial Reference to Those Obtained in Pulmonary Embolism, South M J 
30 371-3 75 (April) 1937 ' 

19 Love, W S, Jr , Brugler, G W, and Winslow, N Electrocardiographic Studies m 
Clinical and Experimental Pulmonary Embolization, Ann Int Med 112 2109-2123 (June) 
1938 
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and the average weight of the heart in the two groups was almost the same Thus 
it may be concluded that among patients who had enlarged hearts and who under- 
went a surgical operation pulmonaiy embolism was no more likely to develop than 
among patients who had hearts of noimal weight If it is admitted that in this 
study hypertrophied hearts were consideied to indicate hypertensive vascular 
disease, it is apparent that hypei tension did not piedispose to pulmonary embolism 
(figs 1 and 2) 

The medical cases m which pulmonary embolism occurred consisted mainly 
of two groups those m which there was heart disease with signs of congestive 
heart failure most commonly due to hypertensive heart disease alone or combined 
with coronary sclerosis, and those m which theie was some wasting disease (cancer 
or senility) The curve of the weight of the heart for the medical group (fig 3) is 



than 2.99 349 399 449 than 

<250 Gm 450 Gm 

I- I Nonfatal 60 
r I Fatal 52, 

Total - 112, 

Average weight - 380 Gm 

Fig 3 — Weights of the hearts of medical patients who had pulmonary embolism 

considerably “flatter” than that for the surgical group, since m the group of cases 
in which there was a wasting disease the number m which the heart weighed less 
than 250 Gm tended to increase and in the group of cases m which there was 
hypertension the opposite was observed It also will be noted that the percentage 
of cases in which the pulmonary embolism was fatal was considerably less in the 
medical group (46 per cent) than, it was in the surgical group (74 per cent) This 
confirms the general clinical impression that the percentage of cases with fatal 
pulmonary embolism is greater m the surgical than in the medical group 

Among the 30 cases of pulmonary embolism studied, there were 5 m which 
the anatomic changes m the heait muscles weie significant They are presented 
here 

Myocardial Infarction Without Coi onary Occlusion — In 4 cases recent myocar- 
dial infarction was observed, but no thrombosis or occlusion of the coronary arteries 
could be demonstrated The location and extent of the infarction varied 
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f 1 Non fatal £9 
t I Fatal 65 

Total - 115. 

Average weight - 377 Gm 


Fig 1 — Weights of the hearts of surgical patients who had pulmonary embolism 



Less £50- 300- 350- 400- More 

than £99 349 399 449 than 

£50 Gm 450 Gm 

Total number of cases -11£ 

Average weight - 375 Gm 

Fig 2 — Weights of the hearts of surgical patients more than 50 years of age and without 
pulmonary embolism 





CURRENS-B ARNES— HEART IN PULMONARY EMBOLISM 


333 


designates the least amount of sclerosis and 4 the greatest) The left circumflex artery 
was patent, and the sclerosis was graded 2 Five centimeters from the orifice of the left 
descending coronary artery was an old thrombus, which had become recanahzed but which 
occluded about 95 per cent of the lumen of the artery Sclerosis of this arteiy was graded 3 
The region of recent infarction in the posterior portion of the right ventricle was located 
in the apical third and was recognized grossly (fig 5 a ) Microscopic examination of this 
region revealed loose connective tissue, which did not take the Van Gieson stain, and occa- 
sional collections of lymphocytes There were a few small scattered regions in the posterior 
portion of the left ventricle which appeared fibrotic and which on microscopic examination 
proved to be regions of recent infarction They were present in both the apical and the 
basilar portions (fig 5 b) No polymorphonuclear leukocytes were found The age of these 
infarctions was estimated at about three weeks 21 



Fig S — (a) Section from the posterior portion of the right ventricle close to the epicar- 
dial surface, representing healing infarction The loose fibrous tissue does not take the Van 
Gieson stain ( b ) Section from the posterior portion of the left ventricle close to the inter- 
ventricular septum demonstrated focal healing infarction The fibrous tissue does not stain 
with the Van Gieson stain and is of approximately the same age as that in a 


Case 1 illustrates the difficulties which may present themselves at times to one 
making a diagnosis of pulmonary embolism The clinical picture of tachycardia, 
dyspnea and cyanosis, followed on the fifth day by the spitting of blood, was 
sufficient to allow a diagnosis of pulmonary embolism with pulmonary infarction 
to be made Yet the electrocardiogram taken on the second day presented the 
typical Q 3 T s pattern of myocardial infarction of the posterior wall It will be 

21 Mallory, G K , White, P D , and Salcedo-Salgar, J The Speed of Healing of 
Myocardial Infarction A Study of the Pathologic Anatomy in Seventy-Two Cases, Am 
Heart J 18-647-671 (Dec) 1939 
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Case 1 — A 64 year old man was admitted to the hospital for litholapaxy and trans- 
urethral prostatic resection His history did not suggest previous heart disease, and his 
blood pressure was 130 mm of mercury systolic and 80 diastolic Operation was performed, 
with the patient under spinal anesthesia, on Nov 18, 1940 November 20, on returning to 
bed after sitting in a chair, he became weak, his pulse rate rose to 130, his respiratory rate 
increased to 36, and he appealed cyanotic The temperature rose to 103 F His condition 
was improved considerably after he had spent eight hours in an oxygen tent, at which time 
the blood pressure was 125 mm of mercury systolic and 80 dirstohc An electrocardiogram 
taken on November 21 revealed a typical Q 3 T a pattern witl a slight lengthening of the 
S wave m lead I (fig 4) On November 24 the patient raised small amounts of bright red 
sputum Convalescence was uneventful thereafter until December 5, when he complained of 
a pleuritic pain in the lower right portion of the chest On the following day he experi- 
enced tenderness in the right calf, and the temperature rose to 101 F, although the right 
leg did not become swollen The temperature returned to normal on the following day, and 


CASE 1 CASE 4 CASE 5 


I 


II 


III 


^ Case 1 The electrocardiogram was taken one day after an episode of pulmonary 
embolism and presents a typical Q wave-T wave pattern m lead III plus slight prolongation 
of the S wave in lead I 

Case 4— -The electrocardiogram, taken on the day of death, presents a much elongated S 
wave m lead I and a small Q wave and an inverted T wave m lead III The greater deflection 
in each lead is negative 

Case 5 —-This tracing, taken before the onset of pulmonary edema and ten hours before 
death, reveals only evidence of left ventricular strain and nothing to suggest pulmonary 
embolism or myocardial infarction 



the patient was improving until he suddenly collapsed, became cyanotic and dyspneic, and 
died within thirty-five minutes, on December 8 

The anatomic diagnosis was (1) fatal pulmonary embolism (source, right iliac vein) 
(residual thrombus in left iliac vein), (2) multiple pulmonary infarcts with focal pleuntis, 
( ) hypertrophy of the heart (580 Gm ) , (4) healed myocardial infarction of the anterior 
portion of the interventricular septum (6 by 3 cm ) and healing recent myocardial infarction 
oi the posterior portion of the left ventricle adjacent to the interventricular septum (focal) 
and the posterior portion of the right ventricle (2 by 2 5 cm ) 

The right coronary artery supplied the posterior basilar portion of the left ventricle and 
was patent throughout The sclerosis was graded 1 (on the basis of 1 to 4, in which 1 
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carcinoma of both ovaries with peritoneal implants was revealed, and bilateral salpmgo- 
oophorectomy was performed On April 10, the temperature rose to 102 F , the pulse rate 
to 160 and the respiratory rate to 50 The patient was markedly dyspneic, and there was 
cyanosis of the skin The patient was considered to have pneumonia in the lower lobe of 
the right lung and received sulfapyridme (2- [paraammobenzenesulfonamido] -pyridine) She 
continued to improve until April 22, when she suddenly became cyanotic and pulseless and 
died within five minutes 

The anatomic diagnosis ;was (1) bilateral fatal pulmonary embolism with pulmonary 
infarcts of the right lung (source, right femoial vein), (2) adenocaicmoma of both ovaries 
with peritoneal carcinomatosis (ascites, 5 liters), (3) recent myocardial infarction of the 
apex of the interventricular septum (0 3 cm in diameter) and microscopic foci in the anterior 
wall of the right ventricle and the postenor papillary muscle, (4) bilateral hydrothoiax 
(right, 350 cc , and left, 300 cc) and (5) evidence of old right ladical mastectomy foi 
adenocarcinoma grade 4 



Fig 6 — (a) Region of acute infarction from the postenor basilar portion of the left 
ventricle corresponding to that described grossly (b) Section from the small region located 
in the interventricular septum at the apex noted grossly The section demonstrates a recent 
small healing infarction 


The heart weighed 340 Gm , and the sclerosis in all the coronary arteries was graded 1 
The regions of healing infarction were consistent with a healing of about two weeks 
(fig 6 b) 

In case 3 the diagnosis of pulmonaiy embolism was not made clinically, and the 
patient was treated foi suspected pneumonia of the lowei lobe of the right lung 
after the lather sudden onset of dyspnea and cyanosis twelve days before death 
The second embolism resulted m death within a few minutes From analysis of 
the case at necropsy, it seems most likely that the recent infarction of the myocar- 
dium occurred at the time of the first embolism, at which time the pulse rate rose 
to 160 and the respiratory late to 50 No electrocai diogram ^as taken in this case 
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noted, however, that the S wave in lead I measuies 2 mm , which might be constiued 
as evidence of pulmonary embolism Since no thiombosis or occlusion was found 
m the right coronary artery supplying the postenor portion of the heait, it seems 
justifiable to assume that the regions of lecent infarction which were found resulted 
from a decrease m blood flow to these poitions of the heart at the time of the 
pulmonary embolism 

Case 2 — A 53 year old woman entered the hospital, complaining of epigastnc pam and 
gas immediately after eating, of six weeks’ duration During the preceding year she had 
lost 40 pounds (18 Kg ) Her history did not suggest heart disease, and her blood pressure 
was 140 mm of mercury systolic and 90 diastolic The heart was normal to examination 
There was a large irregular nodular mass which seemed to fill the epigastrium and was 
not attached to the liver On May 7, 1940, redness and pam developed over the dorsum of 
the right foot, and in this region a firm, tender vem was palpated Abdominal exploration 
was performed on May 10, and on the following day the patient complained of pain m the 
whole left leg, which soon v r as swollen and cyanotic Tenderness along the femoral vein 
was noted on May 12 On May 13 the patient became nauseated and vomited, but the 
pulse rate continued about the same, ranging between 100 and 120 The patient became 
cold, sweaty and semistuporous and died on May 15 The blood pressure was recorded as 
70 mm of mercury systolic and 50 diastolic six hours before death 

The anatomic diagnosis w r as (1) carcinoma of the stomach (limtis plastica type) with 
abdominal and peritoneal carcinomatosis and metastasis to the periaortic lymph nodes and 
the right adrenal gland, (2) pulmonary embolism of the right lung with pulmonary infarcts 
(source, thrombosis of both iliac veins with extension into the inferior vena ca\a), (3) 
hypertrophy of the heart (390 Gm ) and (4) acute myocardial infarction (1 5 by 2 cm ) of 
the posterior base of the left ventricle, located 3 cm from the interventricular septum 

The right coronary artery supplied the greater portion of the postenor wall of the left 
ventricular, including the region of acute infarction No thrombi or occlusions were found 
in the coronary arteries, and the coionary sclerosis u r as graded as follow's left descending 
artery, grade 2, left circumflex arterj, grade 3, right artery, grade 3 The region of acute 
infarction presented infiltration with polymorphonuclear cells, loss of striation of some of 
the muscle bundles, eosinophilic staining of some muscle and scattered regions of hemor- 
rhage (fig 6 a) There u r ere multiple small emboli m the arteries of the right lung, with 
one infarct, measuring 3 by 2 cm , m the upper lobe of this lung In the mam artery to 
the lobe of the lung there was a riding embolus occluding the artery, which showed early 
organization with the pulmonary artery At least half of this low'er lobe showed evidence 
of hemorrhagic infarction The estimated age of both the myocardial infarction and the 
embolism in this lobe with pulmonary infarction w'as from two to four days 

In case 2 the pulmonary emboli weie consideied to be only contributory to 
death since only a part of the pulmonary arteiial tree was obstructed and since 
death was at least paitially due to the geneiahzed caicmomatosis Here again there 
was no demonstrable occlusion of the right coronary ai ter}', which supplied the 
poition of the heart which was mfarcted, although the sclerosis of this arteiy was 
graded 3 The most reasonable explanation foi the infarction of the heart v r as that 
the flow of blood through the light coronary arteiy was insufficient This was 
thought to be due essentially to two factors (1) the shock which was manifest 
clinically for at least two days befoie death, and (2) the coronary sclerosis which 
was particularly evident m the long right coionary artery which supplied the 
mfarcted region Pulmonary embolism and general debility were the causative 
factors for the state of shock 

Case 3 — A 57 year old woman complaining of a lump m the right breast was examined 
at the clinic in March 1938 Radical mastectomy w ? as performed at this time, revealing 
adenocarcinoma of grade 4 (Broders’ method) without involvement of the lymph nodes 
She remained well until February 1939, u'hen she noticed gradual enlargement of the abdomen 
and returned to the clinic in April of the same year Her blood pressure was 140 mm of 
mercury systolic and 88 diastolic, and her history w r as not suggestive of heart disease 
At this time an irregular mass, about 5 cm m diameter, w’as noted to the left of the 
uterus Abdominal exploration was carried out on April 8, 1939, and extensive adeno- 
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occuried during or aftei the episode noted on November 13, at which tune the 
patient had another pulmonary embolism The acute infarction was particularly 
remaikable in the interventricular septum in the region of the pulmonary conus 
(fig 7 b) and the papillary muscles of the right ventricle, suggesting that decreased 
coronary arterial blood flow, as a result of greatly increased pressure in the right 
ventricle, was the cause of the infarction The electrocardiogram was suggestive 
of a greatly increased strain on the right ventricle Death m this case was appar- 
ently the result of failure of the right ventricle, since no embolism was found which 
was not partially organized to the pulmonary artery 



Fig 7 — (a) Section from the region of acute infarction at the apex of the left \entncle 
It reveals healing infarction on the right and acute infarction with hemorrhage on the left 
( b ) Section from the interventricular portion of the conus arteriosus, demonstrating acute 
infarction with many polymorphonuclear cells without hemorrhage Tins infarction is quite 
extensive 

The history of the abdominal ascites, followed by pleural effusion, both respond- 
ing to small doses of roentgen therapy, suggests that both were due to metastasis 
from the uterine carcinoma, which was quite radiosensitive Inoculations of the 
fluid into guinea pigs gave negative results, and the only evidence of tubeiculosis at 
necropsy was the presence of calcified hilar lymph nodes 

Myocmdial Inf cn chon with Coionaiy Occlusion — One case was encounteied 
m which the myocardial mfaiction was associated with recent thrombosis of the 
coronary artery 

Case 5 — A 53 year old man entered the hospital on Oct 27, 1940, complaining of marked 
dyspnea and intermittent nocturnal dyspnea of one month’s duration Three j ears before entering, 
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Case 4— A 46 year old woman entered the clinic in October 1939, complaining of gradual 
abdominal distention and loss of weight She had lost 15 pounds (6 8 Kg) m the five 
weeks before entry 

The blood pressure was 120 mm of mercury systolic and 80 diastolic The heart was 
normal, and there was abdominal distention of grade 2 with shifting dulness Abdominal 
exploration at this time revealed the presence of 4 5 liters of reddish straw-colored fluid and 
generalized peritonitis with considerable injection of the peritoneum Inoculation of the 
fluid into guinea pigs gave negative results for tuberculosis, and biopsy of the omentum gave 
negative results for a malignant growth On the seventh postoperative day the patient had 
right iliofemoral thrombophlebitis, which subsided without subsequent swelling She received 
twelve roentgen treatments to the abdomen shortly after operation 

She returned in January 1941, complaining of shortness of breath, at which time she was 
found to have a pleural effusion on the left side Diagnostic thoracentesis was performed, 
and the fluid on inoculation in guinea pigs proved to be negative for tuberculosis The 
patient was given two roentgen treatments to the left side of the chest, and the effusion 
subsided 

In June 1941 she began to have intermittent bloody discharge from the vagina but other- 
wise remained in good health On November 7 she was awakened at night by a severe 
pain in the left side of the chest which extended down the left arm The pain lasted one 
hour, during which time she was dyspneic and after which she complained of weakness 
Another similar episode occurred on November 13, and the patient entered the hospital on 
November 15 because of considerable shortness of breath on exertion 

The blood pressure was 140 mm of mercury systolic and 86 diastolic The chest revealed 
no abnormality To the left of the sternum toward the apex of the heart a diastolic gallop 
rhythm was heard The patient was moderately dyspneic, with moderate cyanosis and pallor 
of the lips The electrocardiogram taken on November 18 showed that the chief initial 
ventricular deflection was normal m all three limb leads, with an elongated S wave m lead I, 
an inverted T wave in lead III and a notched QRS complex in lead III (fig 4) No 
chest leads were taken 

The patient remained quite dyspneic and somewhat restless, with considerable relief of 
the dyspnea on breathing 100 per cent oxygen The venous pressure measured 22 'em of 
water on November 18 Later the same day a severe pain developed m the left lower 
anterior portion of the chest, followed by vomiting and profound shock The blood pressure 
and the pulse were imperceptible, and the patient died thirty-five minutes later 

The anatomic diagnosis was (1) thrombosis of the right iliac vein with bilateral organ- 
izing emboli, (2) thrombosis of a small distal branch of the anterior descending coronary 
artery with acute and healing myocardial infarcts (1 to 2 cm in diameter) at the apex of 
the left ventricle, (3) acute and healing myocardial infarcts of the interventricular septum 
m the region of the pulmonary conus, of multiple papillary muscles of the right ventricle, 
of the anterior papillary muscle of the left ventricle and of the posterior wall of the left 
ventricle and the interventricular septum, (4) dilatation of the right ventricle, grade 3, with 
mural thrombi, (5) polypoid carcinoma of the uterus with metastasis to the aortic ljmph 
nodes and (6) chronic passive congestion of the liver with central necrosis 

The thrombus found in the branch of the left descending coronary artery only partially 
occluded the artery and was partially organized The age of this thrombus and the surrounding 
early healing infarct of the myocardium (fig 7 a) was estimated at about twelve to fourteen 
days No freshly thrombosed arteries were found to account for the adjacent acute infarction 
at the apex of the left ventricle or the acute and healing regions of infarction found m the other 
locations of the heart Coronary sclerosis was equal throughout all the arteries and was grade 1 
The right auricle was dilated (grade 2) and the right ventricle measured 0 5 cm in spite of the 
considerable dilatation 

Even though thrombosis was found in one small branch of a coronary artery, 
case 4 is classified m this group since no thrombosis was found to account for the 
other regions of both acute and healing myocardial infarction which were obsei ved 
It will be noted also that the thrombus found in the blanch of the left descending 
coronary artery only partially occluded the lumen This region of healing mfaiction 
at the apex as well as the other smaller regions of healing infarction were thought 
to have occurred on November 7 , at which time the patient apparently had a good- 
sized pulmonary embolus The pam m the chest with extension down the left 
arm was probably due to the infarction of the heart that took place at that time 
The more acute infarcts were estimated to be less than seven days old and probably 
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had a slight cough during this time and raised small amounts of yellow-colored sputum During 
the three months he had lost 40 pounds (18 Kg ) 

The patient was well developed but appeared chronically ill and was sweating moderately 
His blood pressure was 130 mm of mercury systolic and 80 diastolic, his pulse rate 68 and 
his respiratory rate 20 There were dulness to percussion and decreased breath sounds over the 
entire chest, especially the lower half The cardiac rhythm was regular, and there was a 
grade 2 systolic murmur at the apical and the aortic areas of the heart A roentgenogram of 
the chest revealed complete opacity of the entire left side of the chest with a shift of the heart 
and the mediastinum to the left A roentgenogram of the chest taken with the use of a Bucky 
diaphragm revealed a tumor mass in the left upper part of the chest, extending to the level 
of the ninth rib posteriorly, and elevation of the left side of the diaphragm The concentration 
of hemoglobin was 10 2 Gm per hundred cubic centimeters of blood The serologic reaction 
for syphilis was 4 plus Bronchoscopic examination on three occasions revealed a large tumor 
mass which almost completely obstructed the left mam bronchus, located at the bifurcation of 
the left upper and the left lower bronchus Biopsy revealed only inflammatory tissue 

On the evening of April 6 the patient fainted after straining at stool, the pulse rate rose 
to 120, and the blood pressure was 100 mm of mercury systolic and 70 diastolic On the 
following morning he passed a tarry stool At 9 p m on April 7 the patient suddenly became 
semicomatose and pale, with a pulse rate of 154, and the blood pressure was unobtainable 
Shortly thereafter he passed a large bloody stool involuntarily The patient remained irra- 
tional, his skin was pale and cyanotic, and his blood pressure remained imperceptible His pulse 
rate ranged from 120 to 160 He was given three blood transfusions without improvement and 
died fifty-four hours after the onset of shock 

The anatomic diagnosis was (1) syphilitic aortitis with aneurysmal formation of the arch 
of the aorta and extension of the aneurysm into the esophagus and the left main bronchus, 

(2) rupture of the aneurysm into the esophagus with gastrointestinal hemorrhage (2,000 cc), 

(3) atelectasis of the upper lobe of the left lung with bronchiectasis, (4) hypertrophy of the 
heart (510 Gm), (5) acute infarction of the posterior wall of the left ventricle in the middle 
third, measuring 2 by 1 5 cm , and of the posterior papillary muscle (fig 8 a and b ) 

The coronary sclerosis was minimal and was graded accordingly (1) left descending 
artery, grade 1 , (2) left circumflex artery, grade 1 , (3) right coronary artery, grade 2 The 
orifice of the right coronary artery measured 2 by 2 5 mm and was thought to be narrowed 
slightly by the syphilitic process of the aorta The right coronary artery supplied the posterior 
wall of the left ventricle in the region in which the acute infarction was found 

Case 6 illustrates what may happen m the heart as a result of severe, prolonged 
shock Two factors should be considered (1) the decreased coionary arterial 
flow as a result of the great diop of blood pressure, both systolic and diastolic, and 
(2) the definite anoxia, evidenced by the persistent cyanosis m the presence of 
moderate anemia 

Pulmonary Embolism with Electrocardiographic Changes but Without Myocar- 
dial Infat ction — These cases are presented to illustrate the large group of cases in 
which, despite pulmonary embolism, no anatomic changes could be demonstrated 
m the myocardium In the first case infarction of the posterior wall of the left 
ventricle was diagnosed clinically, chiefly by the electrocardiographic limb leads 
In the second case the clinical picture was suggestive of pulmonary embolism and 
the electrocardiographic chest leads confirmed the diagnosis 

Case 7 — A 66 year old laborer entered the hospital on Aug 25, 1939 because of two recent 
episodes of pain in the chest and dyspnea On August 11 he had walked to the bathroom at 
4am, and while sitting on the stool, suddenly lost consciousness and was unconscious eight 
to ten minutes On regaining consciousness, he was severely dyspneic and was sweating 
profusely but was able to return to his bed Two days later, after a large evening meal, he 
suddenly became faint, and a bandlike pam developed across the lower part of the chest He 
was dyspneic and perspired a good deal The pam subsided in a few minutes 

On August 22 he had experienced a second episode of pain in the chest with sweating and 
dyspnea 

He was a well developed, slightly obese man His blood pressure was 132 mm of mercury 
systolic and 76 diastolic His chest was clear, the heart sounds were distant but normal, and 
the pulse rate was 90 
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he had had an episode of prolonged substernal pain lasting two days, which was considered to 
be due to coronary occlusion with myocardial infarction Since that time his cardiac reserve 
had been decreased and he had noted angina on exertion His blood pressure of 160 mm of 
mercury systolic and 110 diastolic The heart was enlarged on examination, and the liver was 
palpable 2 fingerbreadths below the right costal border On November 2 the patient had a 
sudden onset of severe pain in the right upper quadrant of the abdomen, extending to the back 
At this time he was nauseated and vomited The edge of the liver was tender to palpation, 
and the pulse rate rose to 120 Two days later he complained of pleuritic pain m the left side 
of the chest and raised bright red sputum 

Hemoptysis continued, and a friction rub developed over the left lower posterior portion of 
the chest The patient’s condition remained unchanged until November 8, then, after intra- 
venous administration of 300 cc of a 20 per cent solution of dextrose, acute pulmonary edema 
developed, and he died six hours later An electrocardiogram taken on November 8 revealed 
only left axis deviation, a depressed ST segment in lead I and an inverted T wave in lead I 
(fig 4) 

The anatomic diagnosis was (1) hypertrophy of the heart (620 Gm ) with dilatation of 
the left ventricle, (2) bilateral pulmonary embolism with organization, (3) multiple bilateral 
pulmonary infarctions with formation of an abscess in the lower lobe of the right lung, (4) 
coronary sclerosis, grade 2, with recent thrombosis of the right coronary arterj, (5) patch} 
regions of recent myocardial infarction of the right ventricle, of the posterior wall of the left 
ventricle and of the interventricular septum and (6) myocardial scarring m the anterior portion 
of the interventricular septum 

The heart was enlarged and both the left ventricle and the left auricle were dilated (grade 2) 
There was considerable sclerosis (grade 3) of the left circumflex and right coronary arteries, 
and several branches of the left descending artery were occluded by arteriosclerosis 

It is difficult m case 5 to follow the exact course of events, but it is apparent 
that the patient had long-standing coronary and hypertensive heart disease which 
was complicated in the end stage by multiple pulmonary emboli The episode of 
pam and tenderness m the right upper quadrant of the abdomen was undoubtedly 
a manifestation of pulmonary embolism of the lower lobe of the right lung with 
involvement of the pleura It is probable that at the same time thrombosis of the 
right coronary artery developed, since the estimated age of this thrombosis was 
approximately one week The myocardial infarctions m the right ventricle, the 
posterior wall of the left ventricle and the interventricular septum were also recent 
and corresponded approximately to the age of the thrombosis of the right coronary 
artery 

It is interesting to note that there was no recent infarction in the region of the 
scar in the lower two thirds of the anterior wall of the left ventricle and the 
interventricular septum, where one might expect the blood supply to be poor as a 
result of the previous coronary occlusion The electrocardiogram taken on the day 
of death does not reveal evidence of either the recent injury to the heart or the 
result of the previous coronary thrombosis with myocardial scarring The recent 
myocardial infarction was not extensive enough to alter the electrocardiogram 
appreciably, while the old scar was located mainly in the anterior portion of the 
interventricular septum, which seldom affects the electrocardiogram unless one 
or more of the conducting bundles are destroyed Chest leads might have been of 
diagnostic aid m this case but unfortunately were not obtained 

Myocardial Infarction of the Posterior Wall of the Left Ventricle Resulting fi om 
Severe Prolonged Shock — This case is presented as an illustration of what may 
occur m the heart as a result of severe prolonged shock without occlusion of a 
coronary artery 

Case 6 — A 54 year old man entered the hospital on March 9, 1941, complaining of recurrent 
chills and fever of three months’ duration The patient stated that for two weeks m January 
1940 he had been quite hoarse, but that after this he was well until three months before entry, 
when recurrent episodes of chills and fever developed, with a rise of temperature to 104 F He 
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sclerosis found at necropsy, the relief of pam in the chest afforded by the administra- 
tion of glyceryl trinitrate suggests that the coronary blood flow had been diminished 
by spasm If such an assumption should be correct, it would support the thought 
of some investigators that spasm of the coronary arteries may occur in conjunction 
with pulmonary embolism 

Case 8 — A 57 year old farmer was brought to the hospital on Nov 28, 1940, having been 
unconscious for two hours after an automobile accident Soon after entry he underwent an 
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Fig 9 — Case 7 The electrocardiogram, taken on Aug 31, 1939, shows an imperfect 
Q wave-T wave pattern m lead III with a slight prolongation of ST The chest leads 
are particularly interesting since the T waves in the apical and Wolferth leads are the 
reverse of normal 

Case 8 — The electrocardiogram, taken on Dec 24, 1940, reveals prominent P waves in 
leads II and III, a small ST and an isoelectric T The chest leads are diagnostic of pul- 
monary embolism with a normal T wave in lead IV R and T waves in the CRi, and Wol- 
ferth leads the reverse of normal 


operation for decompression and elevation of a skull fracture He responded well, and the 
course of his recovery was uneventful until December 14, when he complained of pleurisy m 
the right lower portion of the chest, and his temperature rose to 99 6 F This subsided in two 
days, and he was dismissed from the hospital on December 21 to stay in a convalescent home 
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On the night of August 30, the patient awoke with a steady epigastric pain associated with 
dyspnea and sweating, which was relieved by glyceryl trinitrate On the following morning 
the same pain occurred after eating, and for the third time the same evening, at which time 
the pain was relieved again by glyceryl trinitrate On September 1 the patient became extremely 
dyspneic and sweated profusely Severe shock developed, with blood pressure and pulse 
imperceptible He died twenty-file minutes after the onset of this final episode 

Four electrocardiograms were taken, which were similar There was an imperfect Q 
wave-T wave pattern in lead III with inversion of the T wave in lead IV R and an abnormallj 
positive T wave in the Wolferth lead (fig 9) The clinical diagnosis was considered to be 
myocardial infarction of the posterior wall of the left ventricle 

The anatomic diagnosis was (1) fatal pulmonary embolism, (2) hjpertrophy of the heart 



Fig 8 — (a) Section from the posterior papillary muscle close to the tip demonstiating 
acute infarction, (b) region of acute infarction from the midportion of the posterior left 
ventricle adjacent to the interventricular septum Regions of moderate hemorrhage and 
dilatation of the blood vessels are present 


Both the right auricle and the right ventricle were dilated (grade 3), and the thickness 
of the wall of the right ventricle averaged 0 7 cm The thickness of the wall of the left 
ventricle measured 1 7 cm The coronary sclerosis was graded 1, and no thrombi were found 
in the coronary arteries Numerous sections of the myocardium, especially of the posterior 
wall of the left ventricle, were made and did not reveal anv evidence of infarction 

Case 7 lllustiates the pitfalls in distinguishing between pulmonaiy embolism 
and myocardial infarction of the posterior wall of the left ventucle in certain cases 
Significant changes ai e demonstrable m the electrocardiogi aphic limb leads and chest 
leads without morphologic change m the heart muscle At the same time it is of 
interest to note that on three different occasions the patient was relieved of anginal 
pam by glyceryl trinitrate (Scherf) In view of the absence of significant coronary 
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aie sufficient to account foi the death of animals Using large, medium-sized and 
particulate matter to produce embolism in dogs, these investigators were able to 
account foi death by the rise of pulmonary arterial systolic and diastolic pressure 
with lesultant right ventricular heait failure Cardiac arrhythmias are known to 
accompany pulmonary embolism both clinically and m the experimental field. 
They consist of auricular flutter, auriculai fibrillation and teimmal ventricular 
fibrillation in animals 24 and ai e the end 1 esult of failure of the right ventricle. 
Sudden death from pulmonary embolism, even though the embolism is relatively 
small, is best explained by the same mechanism of cardiac arrhythmia, piobably 
resulting in ventricular fibi illation 

The occasional patient encounteied clinically m whom angina pectoris develops 
after an attack of pulmonary embolism and is lelieved by glyceryl tnnitrate, as m 
case 7, is cited 1211 as giving evidence in favoi of a reflex on the coronary arteries. 
However, there are undoubtedly other factors which affect coronary blood flow, 
such as fall of artenal pressure, which usually is associated with an increase of 
heart rate The rise of pressuie in the right auricle also increases the pressure in 
the coronary sinus, and this increase decreases the pressure gradient m the coionary 
ai tenes The thn d conti lbutmg factoi is the deci ease of blood flow to the muscle 
of the light ventricle since, as Katz, Jochim and Weinstein 25 pointed out and as 
Visscher 20 emphasized, the major portion (92 per cent) of the venous return front 
the right ventricular wall empties into the right ventricle via the thebesian veins 
Thus increase of pressure m the right ventricle decreases appreciably the coionaiy 
flow to this side of the heart All these factors combine to impair the function of the 
right ventricle The combined effect of increased work of the right ventricle and 
decreased coronary blood flow may account for the angina pectoris without the 
necessity of postulating a pulmonocoronary reflex to account for it 

That anatomic changes of the myocardium occui after pulmonaiy embolism 
has been demonstrated m recent publications 27 Those changes m the myocardium 
are not often demonstrable, as is illustrated by the finding of only 5 cases in a total 
of 30 cases m this somewhat selective series The fact that in 4 of these 5 cases- 
no significant obstruction was found m the coronary arteries to account foi acute 
infarction suggests that another factor, probably shock, contributes a great deal to 
the decrease of coronary blood flow As far as infarction in the right ventncle is- 
concerned, the use of right intraventricular pressuie also has the effect of decreas- 
ing coronary blood flow by decreasing the pressure gradient in the coionary artery, 
as pointed out in the preceding paragraph Blumgart, Schlesmger and Zoll 2S have 
called attention to the fact that shock seems to predispose to coionary arterial 
thrombosis, and this is illustrated by case 5 of the present series That profound- 
shock alone can account for acute myocardial mfaiction is demonstrated clearly by 
case 6 It is interesting to note that m this case the infarction was located m that 
portion of the posterior left ventricular wall supplied by the right coronary artery,, 
and this was pi edommantly true in cases 1, 2 and 5 of the cases presented 

24 Frommel, E Les troubles du rythme cardiaque au cours de l’embolie pulmonaire 
mortelle fftude electrocardiographique experimental, J de physiol et de path gen 26 247- 
249 (June) 1928 

25 Katz, L N , Jochim, K , and Weinstein, W The Distribution of the Coronary Blood 
Flow, Am J Physiol 122 252-261 (April) 1938 

26 Visscher, M B The Restriction of the Coronary Flow as a General Factor in 
Heart Failure, J A M A 113 987-990 (Sept 9) 1939 

27 Friedberg, C K , and Horn, H Acute Myocardial Infarction Not Due to Coronary 
Artery Occlusion, J A M A 112 1675-1679 (April 29) 1939 

28 Blumgart, H L , Schlesmger, M J , and Zoll, P M Multiple Fresh Coronary- 
Occlusions m Patients with Antecedent Shock, Arch Int Med 68 181-198 (Aug ) 1941 
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On December 24, while walking about, he was seized with sudden weakness and vomiting 
but did not lose consciousness 

When examined, one hour later, he showed moderate cyanosis, the extremities were cold,,, 
the skin was moist and the blood pressuie was 80 mm of mercury systolic and 40 diastolic 
The pulse rate was regular at 120, and the respiratory rate was 40 The patient complained 
of moderate substernal pain Oxygen (100 per cent) was administered, and the patient gradually 
improved so that after ten hours the pulse rate was 110, the blood pressure 100 systolic and 
70 diastolic, and the respiratory rate 28 The electrocardiogram taken on December 24 mealed 
exaggerated P waves in leads II and III, shallow inversion of the T wave in lead III, an 
inverted T wave in lead CR- and an abnormally positive T wave in the Wolfcrth lead (fig 9) 

The patient improved after this episode, but on Jan 2, 1941 he had a gradual rise of tem- 
perature to 102 F with a concomitant rise of the pulse rate to 110 and of the respiratory rate 
to 30, during which time the pain in the right side of the chest returned His condition again 
improved, and he was prepared for dismissal when, on January 8, while being bathed, he 
suddenly became weak and dyspneic, vomited, complained of pain in the lower anterior portion 
of the chest and died within an hour 

The anatomic diagnosis was (1) bilateral fatal pulmonary embolism with pulmonary 
infarction (source undetermined) and (2) hydrothorax on the right (400 cc ) 

The heart weighed 305 Gm The right ventricle was dilated (grade 3), and the wall 
measured 5 mm in thickness The coronary arteries were patent throughout, and the sclerosis 
was grade 1 Sections of the heart failed to reveal any regions of acute or healing infarction 
In the inferior vena cava, a medium-sized clot was found lying loosely at the level of the 
renal vein but without attachment to the wall 

Case 8 well illustrates the diagnostic value of the electrocardiographic leads 
from the chest in pulmonary embolism The leads from the limbs by themselves 
were of little value m corroborating the clinical impression of pulmonary embolism, 
although the exaggeration of P waves in leads II and III might be suggestive 
However, the T waves in the CR 2 and Wolferth leads are the reverse of normal 
and under these circumstances are diagnostic of pulmonary embolism It will be 
noted also that these changes take place, as m case 7 , in the absence of demonstrable 
anatomic alteiations of the myocardium 

GENERAL COMMENT 

The lole that leflex factois lesultmg fiom embolism in the pulmonary arterj 
may play in the clinical pictuie of pulmonary embolism has received considerable 
comment m recent jears Some writers, particularly Leriche and de Takats, have 
expressed the belief that in many cases the leflex factors play a major role and 
that, m fact, they are the cause of death in from 20 to 30 per cent of cases 
These are cases m which at necropsy there are only small emboli in the pulmonary 
aitery Daly and his associates 22 demonstrated in dogs that a small but definite 
fall of the systemic arterial piessuie accompanies a rise of the pulmonary arterial 
pressure, with a concomitant increase oi decrease of the heart rate A definite 
increase of the respiratory rate with embolism of the small pulmonaiy artenoles 
produced with particulate matter had been noted alieady, but this finding is difficult 
to translate into the clinical picture in which the embolizmg clots are considerably 
laiger The reflex changes just mentioned disappear after the vagus nerves 
are sectioned The observations by Scherf and Schonbrunner regarding the electro- 
cardiographic changes m experimental pulmonary embolism seem insufficient alone 
to establish the occurrence of a pulmonocoronary reflex 

The recent observations by Megibow, Katz and Steimtz 23 concerning the 
dynamics of experimental pulmonaiy embolism again suggest that djmamic factors 

22 Daly, I de B , Ludany, G , Todd, A , and Verney, E B , Sensory Receptors m the 
Pulmonary Vascular Bed, Quart J Exper Physiol 27 123-146, (Aug ) 1937 

23 Megibow, R S , Katz, L N , and Steimtz, F S Dynamic Changes in Experimental 
Pulmonary Embolism, Surgery 11 19-32 (Jan ) 1942 



CLINICAL EFFECTIVENESS AND SAFETY OF A NEW 
SYNTHETIC ANALGESIC DRUG, DEMEROL 


ROBERT C BATTERMAN, MD 

NEW YORK 

Since March 1941 I have had the opportunity to investigate a new synthetic 
analgesic drug, demerol, 1 for the treatment of pain due to a vanety of medical and 
surgical conditions A year’s experience has definitely indicated its value as an 
analgesic agent, and it was therefore deemed advisable to report on its effectiveness, 
potency and safety In addition, its pharmacologic action in man lelative to a 
comparison with morphine will be considered briefly 

Eisleb and Schaumann 2 introduced the diug m 1939 m an effoit to obtain 
a synthetic substitute for atropine However, it was soon noted on pharmacologic 
grounds that m addition to a slight atropine-like action on all smooth muscle, the 
drug possessed the unexpected effect of a morphine-like lesponse on the central 
nervous system Extensive pharmacologic and toxicologic studies have since been 
reported by Duguid and Heathcote 8 , Schaumann 4 , Gruber, Hart and Gruber, 5 and 
Barlow G With the exception of Gruber and his co-workers, who noted a spasmodic 
action of demerol on all smooth muscle, all investigators have reported an anti- 
spasmodic action attributable to a depression of the parasympathetic nerve endings 
and of smooth muscle directly The former action resembled that of atropine but 
was not as marked, while the direct muscular depression was greater than that 
produced by papaverine After careful expenments on animals and on human 
subjects, particularly on the latter, Barlow, 7 using the Hardy, Wolff and Goodell 8 

From the Department of Therapeutics, New York University College of Medicine, and 
the Third (New York University) Division of Bellevue Hospital 

This paper was presented in part at a meeting of the American Society for Pharmacology 
and Experimental Therapeutics, Boston, April 1, 1942, and at a meeting of the American 
Therapeutic Society, Atlantic City, N J , June 6, 1942 

1 The Alba Pharmaceutical Company, Inc , supplied us with the drug and with other 
aid in connection with this investigation 

2 Eisleb, O , and Schaumann, O Dolantm, em neuartiges Spasmolytikum und Anal- 
getikum (Chemisches und Pharmakologisches), Deutsche med Wchnschr 65 967 (June 16) 
1939 

3 Duguid, A M E , and Heathcote, R St A Pharmacological Action of Ethyl Methyl- 
phenylpipendine Carboxylate, Quart J Pharm & Pharmacol 13 318 (Oct -Dec) 1940 

4 Schaumann, O Ueber eme neue Klasse von Verbmdungen mit spasmolytischer und 
zentral analgetischer Wirksamkeit unter besonderer Berucksichtigung des l-Methyl-4-Phenyl- 
Piperidme-4-Carbonsaure Athylesters (Dolantm), Aich f exper Path u Pharmakol 196 
109, 1940 

5 Gruber, C M , Hart, E R , and Gruber, C M , Jr The Pharmacology and Toxicology 
of the Ethyl Ester of l-Methyl-4-Phenyl-Piperidme-4-Carboxylic Acid (Demerol), J Phar- 
macol & Exper Therap 73 319 (Nov ) 1941 

6 Barlow, O W Studies on Pharmacology of l-Methyl-4-Phenylpipendin-4-Carbomc 
Acid Ethylester (D-140, Demerol) II Pharmacology, Toxicology, and Addiction Liability, 
to be published 

7 Barlow, O W Studies on the Pharmacology of l-Methyl-4-Phenylpiperidine-4-Carbomc 
Acid Ethyl Ester (D-140, Demerol) I Analgesic Action, to be published 

8 Hardy, J D , Wolff, H G, and Goodell, H Studies on Pam A New Method for 
Measuring Pain Threshold, Observations on Spatial Summation of Pain, J Clin Inresti- 
gation 19 649, 1940 


345 



344 


ARCHIVES OF INTERNAL MEDICINE 


Electrocardiographic tracings were not obtained m all the cases in this series, 
so that it is impossible to determine the incidence of various types of changes in the 
electrocardiograms Sokolow, Katz and Muscovitz 29 studied 50 cases of pulmonary 
embolism and noted only 5 with all of the changes delineated by McGinn and 
White However, m 36 cases some of the electrocardiographic features of pul- 
monary embolism were present and could be termed suggestive of pulmonary 
embolism In this regard Barnes 30 and Wood 31 directed attention to the value of the 
chest leads in the diagnosis of pulmonary embolism Cases 7 and 8 illustrate well 
the value of these leads, especially the Wolferth lead 

As pointed out previously, the anatomic changes of acute infarction of the myo- 
cardium are infrequent m patients dying of pulmonary embolism It is obvious, 
therefore, that the electrocardiographic changes known to indicate pulmonary 
embolism seldom if ever can be explained on that basis Cases are presented (7 and 
8) in which the electrocardiograms were characteristic of pulmonary embolism but 
m which no demonstrable anatomic change of the myocardium was found after care- 
ful search Case 1 illustrates the electrocardiographic picture which may result if 
myocardial infarction occurs in the posterior portion of the right or the left ven- 
tricles after an attack of pulmonary embolism In general, the strain placed on the 
right ventricle by pulmonary embolism seems to be the dominant factor m the 
production of the electrocardiographic picture When shock is present a decrease 
of the coronary blood flow to the right side of the heart undoubtedly occurs In 
the right ventricle this factor plus strain is complicated by a decrease of coronary 
blood flow to the right ventricle, resulting from a fall of the pressure gradient in 
the arteries supplying it If these conditions are prolonged, marked dilatation 
occurs and scattered regions of acute infarction of the right ventricle can be 
demonstrated at times 

SUMMARY 

A study of the heart was made m cases in which pulmonary embolism occurred 
It is noted that the size of the heart in the surgical group of cases m which pulmonary 
embolism develops and the surgical group in which pulmonary embolism does not 
develop is essentially the same Since chronic valvular defects and disease of the 
pericardium were excluded as causes of cardiac enlargement, this evidence indicates 
that hypertension does not predispose to pulmonary embolism among surgical 
patients The heart was examined in 30 cases m which pulmonary embolism 
occurred, and evidence of acute infarction was found m 5 In 4 of these cases, no 
significant obstruction was found m the coronary arteries, but m the fifth case there 
was fresh coronary thrombosis One case in which there was prolonged shock is 
presented In this case there was acute infarction involving the posterior wall of the 
left ventricle, without coronary thrombosis The electrocardiographic differentia- 
tion of infarction of the posterior wall of the left ventricle and pulmonary embolism 
is illustrated and discussed, and the value of the chest leads m differentiating the 
two is stressed The mechanism of the production of electrocardiogi aphic changes 
is discussed and a possible explanation for angina pectoris, which occasionally occurs 
m pulmonary embolism, is suggested 

102 Second Avenue, S W 

29 Sokolow, M , Katz, L N , and Muscovitz, A N The Electrocardiogram m Pul- 
monary Embolism, Am Heart J 19 166-184 (Feb) 1940 

30 Barnes, A R Electrocardiographic Patterns Their Diagnostic and Clinical Signifi- 
cance, Springfield, 111 , Charles C Thomas, Publisher, 1940 

31 Wood, P Pulmonary Embolism Diagnosis by Chest Lead Electrocardiography, 
Brit Heart J 3 21-29 (Jan) 1941 
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Hospital, weie utilized for this purpose Demerol was given to any patient piesent- 
mg pain regardless of its causation, type, severity or duration or the organ involved 
The age and sex of the patient and accompanying conditions were not factors for 
selection Consciousness and cooperativeness were the mam considerations, since 
subjective lesponses were essential for evaluation of effectiveness and untowaid 
reactions 

The scope of the investigation is presented in table 1 Of the 1,220 patients to 
whom demerol was administered, 1,119 weie included m the final analysis The 
•others were discarded because they may have received other medication at the same 
time or because their mental state made it impossible to obtain adequate subjective 
data There are 462 female and 657 male patients, ranging m age from 13 to 92 
years The records of 136 ambulatory patients 21 have been included only for a 


Table 1 — Scope of the Investigation on Demeiol 


Hospitalized patients 

Temales 

Number of 
Patients 

462 


Males 

657 


Total 

1,119 

Ambulatory patients 


138 

Age 

13 to 92 


Surgical conditions 

Postoperative 

418 


Nonoperative , 

4QG 


Total 

824 

Medical conditions 


406 

Dose (parenteral and oral) 

50 to 200 mg 


Patients receiving demerol 

Parenterally only 

430 


Orally only 

300 


Parenterally and orally both 

3S3 


Total 

1,119 

Period of administration of demerol, days 

7 or less 


805 

8 to 14 


158 

15 to 30 


96 

31 to GO , 


43 

61 to 90 


13 

Over 90 

c 

Total 


4 


1,119 

Doses administered to hospitalized patients 

Parenteral 

10,320 


Oral 

10,581 


comparative analysis with those of the hospitalized patients foi untoward reactions 
The effectiveness of demerol in this group will not be considered at the present time 

Several additional groups of patients have received demerol for purposes othei 
than the relief of pam Investigation is now m progress regarding the use of 
demerol (1) as a sedative oi soporific, (2) m the treatment of bronchial asthma, 
(3) m the relief of the acute dyspnea of congestive heait failure, (4) in the treatment 
of addiction to opiates and (5) as an analgesic agent m obstetrics Rovenstme and 
Batterman 22 are reporting on its use as a substitute for morphine as a pre- 
anesthetic agent 

21 Ambulatory patients were made available for study by Dr Currier McEwen, Chief 
of the Arthritis Clime, Dr Robert P Wallace, Chief of the Gastroenterology Clinic, Dr 
Aaron Brown, chief of the Asthma Clinic, and Dr Rieva Rosh, chief of the Radiation Clinic, 
all of the Third Medical Division (New York University), Bellevue Hospital 

22 Rovenstme, E A , and Batterman, R C The Utility of Demerol as a Substitute for 
the Opiates in Pre-Anesthetic Medication, Anesthesiology, to be published 
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technic, concluded that in analgesic potency demerol was mtei mediate between 
codeme and morphine 

Since 1939 numeious clinical reports have appealed attesting to the drug’s 
effectiveness in lelief of pain due to a vanety of conditions Its use for postoperative 
pain and othei surgical conditions was descnbed by Dolle, 9 Rosenthal, 10 Schafer, 11 
Schlungbaum 12 and Sostmann 13 Medical conditions, including arthritic, neurologic 
and colicky pains of all organs and causations, weie reported by Althoff, 14 Dietrich, 1!1 
Klein, 16 Reisinger 17 and Heydnei 18 The consensus was that demerol 19 was a safe 
analgesic approximating the effectiveness of moiphine for the lelief of pain 

Demerol is l-methyl-4-phenylpipendine-4-caiboxylic acid ethyl ester hydro- 
chloride and has the following stiuctuial formula 



It differs from morphine in that it is relatively simple and does not contain the 
phenolic and alcoholic hydroxyl groups attached to a phenanthrene nucleus to which 
the pioperties of morphine have been attributed However, on close inspection 
of the morphine structure a piperidine ring can be made out if the ethenamine chain 
attached to the phenanthrene nucleus is rearranged Atropine also possesses a 
piperidine ring, but this is included in the ti opine nucleus 


SCOPE or INVESTIGATION AND SELECTION Or PATIENTS 

During the period of investigation, from March 1941 through Apul 1942, 
demerol was used m an effort to control or abolish the pain associated with a large 
vanety of medical and suigical conditions Patients admitted to the medical and 
surgical wards of the Thud Medical Division 20 (New York University), Bellevue 

9 Dolle, W Dolantm, ein neues Spasmolyticum und Analgeticum in der Gynakologie, 
Prakt Arzt 25 113, 1940 

10 Rosenthal, H Beobachtungen zur Bekampfung des Wundschmerzes mit dem neuen 
Analgetikum, Dolantin, Munchen med Wchnschr 86 1079 (July 14) 1939 

11 Schafer, F Schmerzbekampfung in der Chirurgie mit Dolantm, Deutsche med Wchn- 
schr 65 970 (June 16) 1939 

12 Schlungbaum, H Schmerz Bekampfung mit Dolantm, einem synthetisch hergestellten 
Spasmolytikum und Analgetikum, Med Klin 35 1259 (Sept 22) 1939 

13 Sostmann, H E Zur Ablosung des Morfins und seiner Abkommlinge in der Gyneko- 
logie durch Dolantm, Med Welt 14 325 (March 30) 1940 

14 Althoff, H Klimsche Erfahrungen mit Dolantm-Bayer, Therap d Gegenw 6 258, 
1939 

15 Dietrich, H Klimsche Erfahrungen mit emem neuen synthetischen Spasmolytikum 
und Analgetikum, Deutsche med Wchnschr 65 969 (June 16) 1939 

16 Klein, E K Erfahrungen mit Dolantm, emem Myotrop und Neurotrop wirkenden 
Spasmolytikum, Munchen med Wchnschr 86 1674 (Nov 24) 1939 

17 Reisinger, F Das neue Analgetikum und Spasmolyticum Dolantin, Wien med Wchn- 
schr 90 400, 1940 

18 Heydner, W Erfahrung mit dem Spasmo- Analgetikum Dolantin bei Nervkranken, 
Fortschr d Therap 16 33, 1940 

19 Demerol was introduced in Europe as “eudolat” and was subsequently known on that 
continent and in South America as “dolantin ” 

20 Dr William S Tillett, Director of the Third Medical Division, and Dr John H 
Mulholland, Director of the Third Surgical Division, furnished clinical material for this study. 
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Demeiol was used m the tieatment of pain due to surgical conditions in 824 
patients and to medical conditions m 406 patients If a patient presented more than 
one type of pain at the same or at different times he was included for evaluation 
of effectiveness m the appropriate groups of diagnoses For example, a patient may 
have been treated for pyloric spasm and therefore included in the medical group 
However, if surgical intervention was performed on the same patient, he was also 
included undei postoperative pain in the surgical group 

The drug 23 was administered in doses of 50 to 200 mg m a single dose or in 
repeated doses several times daily Different doses or routes of administration may 
have been used m the same patient It was thus given only parenterally (intra- 
muscularly or subcutaneously) to 436 patients, only orally to 300 patients and by 
both methods at different times to 383 patients The majority of the patients 
received the drug for less than one week, but in 60 patients it was possible to study 
its effects for ovei a month Over ten thousand injections and a similar number of 
oral doses were administered to the hospitalized patients, 11 patients receiving more 
than 20,000 mg of the compound 

RESULTS 

Aftei the oial administration of demerol an analgesic effect is apparent within 
twenty to sixty minutes, and after parenteral administration, within fifteen minutes 
In eithei case the analgesia lasts from one to sevei al hours, with an average duration 
of three hours As in the case of other analgesics, the more severe the pain, the 
shorter the duration of action Pam of visceral ongin is relieved for longer periods 
than pain arising from skeletal or neurologic structures The intensity and the 
duration of the effect, in contrast to those of morphine and codeine, were not 
influenced by the presence of anemia or advanced disease of the liver, kidneys 
oi heart 

In evaluating the effectiveness of demerol several factors were taken into con- 
sideration It must be emphasized that one is dealing with a symptomatic measure 
and not a specific cuie An analgesic agent offers only a means of controlling the 
pam, thus making the patient comfortable while the specific cause of his complaints 
is discovered and eradicated This aspect is often overlooked, and when assessing an 
analgesic drug one finds, particularly if the medication is given only occasionally, 
that the patient may continue to have pain On close questioning, however, one 
may discover that there was complete relief of pain for the duration of the drug’s 
action, but when the effect is dissipated, the patient considers himself unrelieved 
Therefore, the principal factors considered in my analysis were the degree and the 
duration of relief of pam, dependent on the type of pain , the dose of drug admin- 
istered, the rapidity of dissipation of the drug from the body, and the psychologic 
makeup of the patient The last is of prime importance, since much of my data is 
obtained by close questioning of the patient 

With this m mmd the effectiveness of demerol was divided into four categories 

1 Complete control of pain, including complete relief of pam for three or more 
hours and almost complete relief of pam for several hours In this group untoward 
reactions were minimal or entirely absent 

2 Moderate control of pam, including complete relief and almost complete 
relief of pam for under three hours, partial relief for three hours or more and 
relief as described m the first category if untoward reactions were disturbing and 
did not permit complete comfort 


23 Demerol was supplied in 50 mg tablets under the research number D-140 and in solution, 
research number S-140, either in an ampule or in a vial so that 1 cc was equivalent to 50 mg 
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Foi all medical conditions demerol administeied parenterally was completely 
effective m 80 pei cent of the trials and model ately effective m an additional 15 per 
cent Although m 76 per cent of the tuals a moderately to completely satisfactoiy 



STOMACH DEMEROL 
75 MG m 

C4HIHK 60 MINUTE 5 
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90 MINUTLS 
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73 MG 
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/a////, /// / x III '11,1 


DEMEROL 73 MO IK 
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I0OMG m 

I 14 MIN K IS HIM. ) 
*• ■ ■ — — ■ 





COLON DEMEROL 

K>0 MG I ft 

Representative tracings made on 11 subjects after intubation studies with balloons in. 
various portions of the gastrointestinal tract, showing the antispasmodic action of demerol 
administered parenterally 

response was obtained with the orally administeied prepaiation, the relief of pain 
is less rapid and less dramatic than after injection By all methods of admmistra- 
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3 Slight conti ol of pam, including partial i elief foi under thi ee hours and relief 
as described m the first and the second categoiy if untoward leactions were 
model ately severe 

4 No control of pam, including failuie to affect pam and relief as descubed 
m the fiist thiee categories if untoward leactions weie seveie 

The effectiveness m terms of dose, both parenteral and oral, regaidless of diag- 
nosis, is summarized in table 2 With mci easing dose a higher incidence of complete 
control of pam is obtained For the aveiage patient 100 mg of demerol is a satis- 
factoiy dose Such a dose resulted in a good effect in 88 per cent of the trials aftei 
parenteial adnnnistiation and 66 per cent after oral administration The latter 
method of administration gives an effect equivalent to one obtained with 50 mg 
given intramuscularly In many instances m which an opportunity presented itself 
for a comparison with morphine, it was apparent that 100 mg of demerol given 
intramuscularly was equivalent to 10 mg of moiplnne However, the duration of 
action was not as long 

From table 3 it will be noted that regardless of causation and seventy of the 
pam, completely satisfactory results were achieved in 85 per cent of the 997 trials 
m 881 of the patients to whom demerol was administered parenterally and in 60 pei 


Table 3 — Effectiveness of Demerol m Each Gioup of Patients Treated, Parenteralh 

and Orally, Regardless of Dose 



Method of 




Effectiveness, 



Adminlstra 




Percentage of Patients 



tion of 

No of 

No of 

t 

Complete 

A 

^ 

Diagnosis 

Demerol 

Patients 

Trials 

Moderate 

Slight 

None 

Postoperative pain 

Parenteral 

302 

3S0 

93 0 

4 1 

1 5 

1 5 


Oral 

90 

101 

S8 1 

89 


20 

Nonoperative surgical condi 

Parenteral 

205 

317 

SI 4 

14 S 

2 5 

12 

tions 

Oral 

255 

310 

04 8 

23 1 

GO 

00 

Medical conditions 

Parenteral 

254 

293 

79 5 

14 0 

27 

30 


Oral 

253 

305 

40 9 

29 5 

13 4 

10 2 

4.11 diagnoses 

Parenteral 

831 

990 

85 2 

10 0 

2 2 

19 


Oral 

004 

722 

00 5 

238 

83 

73 


cent of the 722 trials m 604 patients to whom it was given oially If the patients 
in whom the drug was model ately effective aie included, satisfactory control of 
pam was achieved in 96 per cent and 84 per cent, respectively, with paienteial 
and oi al routes of administration 

The most satisfactory results weie obtained in the group of patients tieated 
postoperatively The postoperative course following major surgical proceduies, 
such as lapai otomy, thyroidectomy, mastectomy and hei morraphy, is well controlled, 
with a minimum of untoward reactions Here more than m any other group of 
patients may the results be considered on an objective basis, since for the first 
twenty-four hours after operation the patient is still under the influence of the 
anesthetic, and one must rely entirely on direct observation The immediate relief 
•of restlessness, the lapidity with which the patient becomes comfortable and the 
minimal distress produced by the usual postopei ative therapeutic procedures aie all 
striking objective evidence for the effectiveness of demerol under such cn cumstances 

In the treatment of nonoperative surgical conditions the parenteral use of the 
•diug was found to be effective for skeletal pam associated with fractuies and 
metastatic malignant growths, arterial occlusions, impending gangrene, thrombo- 
phlebitis, pleuritic pam of fractured ribs and nonspecific pam associated with vanous 
malignant growths Although the oral use of demerol is less effective m this group, 
the pam may be satisfactorily controlled if an appropriate dose is given 
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if associated with other reactions Even then it is well tolerated, particularly if a 
beneficial lelief of pam occurs, so that the patient will continue to take the medication 
without difficulty It is unassociated with any cerebellar dysfunction, since 
nystagmus and ataxia do not occur As the only manifestation of toxicity it 
occurred in 6 per cent of the hospitalized patients after parenteral 01 oral admin- 
istration and m 15 per cent of the ambulatory patients 

Severe reactions are rare and take the form of extreme weakness, pallor, 
syncope, profuse, cold and clammy perspiration, marked dizziness, nausea, and 
vomiting This syndrome occurred after oral administration in 7 ambulatory 
and 2 hospitalized patients, the latter being semiambulatory This type of reaction 
lesembles the vasomotor collapse described by Weiss and co-woikeis, 24 noted after 


Table 5 — Incidence of Side Effects with Demeiol 
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Side Effects 

Dizziness 
Nausea 
Vomiting 
Syncope 
Weakness 
Visual disturbance 
Headache 
Nervousness 
Palpitation 
Anxiety 
Depression 
Chilly feeling 
Tremors . . 

Disorientation 
Urinary difficulty 
Respiratory depression 
Hangover 
Perspiration 
Dryness of mouth 
Euphoria 

Warmth 0 8 

Tinnitus 


59 5 

18 4 

71 1 
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84 

38 

01 
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04 

01 

01 


04 

03 

03 

03 
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administration of nitrites to normal subjects in the upright position Since demerol 
possesses vasodilating properties, as demonstrated in experimental animals by 
studies of blood flow, 25 this response is probably related to an inability to maintain 
the circulation within compensatory levels when the patient is not recumbent In 
this regard, if a patient while ambulatory notes the onset of the reaction, it may be 
aborted or decreased m severity and duration by the patient’s assuming a recumbent 
position for fifteen to thirty minutes 

In contrast to morphine, urinary retention and lespiratory depression occurred 
rarely with demerol The latter effect was noted in 2 patients of the 774 receiving 
the drug parenterally In both instances the respiratory depression was of short 
duration and responded readily to the usual stimulants The first patient had 

24 Weiss, S , Wilkins, R W, and Haynes, F W Nature of Circulatory Collapse 
Induced by Sodium Nitrite, J Clin Investigation 16 73, 1937 

25 Unpublished observations 
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tion excellent results aie obtained m pleuritic pain legardless of causation, pain in 
neurologic conditions, such as sciatica, tabes dorsalis and radiculitis , cardiovascular 
pain, such as that associated with a severe anginal syndrome and the distress of 
congestive heart failure, and visceial or colicky pain of biliary, renal and gastro- 
intestinal origin The last is of particular mteiest, since the antispasmodic action 
of demerol contributes to its analgesic pioperties In 2 7 human subjects direct 
intubation studies with balloons of vanous poitions of the gastrointestinal tract 
revealed an antispasmodic response with 50 to 100 mg administered intramuscularly 
m 23, or 84 per cent, of the subjects Complete cessation or diminution of motility 
occurred usually within ten minutes and lasted fiom fifteen to over ninety minutes 
(figure) The effect did not appear to be as great as that following medication 
with atropine, but demeiol possessed the same gradient of action as ati opine on the 
stomach, the ileum and the colon in the order named 

TOXICITV 

Demeiol was found to be safe and with the exception of ceitain side effects is 
nontoxic in theiapeutic doses The incidence of side effects for hospitalized and for 


Table 4 — Incidence of Side Effects of Demerol in Hospitalized Patients Tieatcd Parcntcrally 
and Oially and in Ambulatoiy Patients Tieatcd Otally 




No of 
Patients 

Patients with 
Side Effects 

Patients with 
Significant * 

Side Effects 

Route of Administration 

So\ 

Number Percentage Number Percentage 

Parenteral (hospitalized patients) 

Male 

m 

182 

39 2 

116 

23 0 


Temale 

310 

105 

33 9 

82 

26 4 


Total 

774 

2S7 

371 

193 

255 

Oral (hospitalized patients) 

Male 

359 

84 

23 4 

G2 

17 3 


Temale 

311 

80 

286 

73 

234 


Total 

G70 

173 

25 8 

135 

201 

Oral (ambulatory patients) 

Total 

136 

02 

676 

85 

625 


* Excluding euphoria, perspiration, flushing of the face and drjness of the mouth 


ambulatory patients is summarized in table 4 These side effects are usually 
insignificant, are of brief duration and do not as a rule inconvenience the patient 
to any appreciable degree Their occurrence is unpredictable, since they may appear 
after the first dose or only occasionally after several doses The sex, age and 
weight of the patient, the diagnosis and the accompanying conditions do not have 
any relation to the type, frequency and severity of the side effects After prolonged 
administration they occur with less fiequency, may decrease in their intensity or 
may subside completely It is not unusual for a rapid tolerance to the unpleasant 
reactions to develop and yet the patient may obtain an equal or even better relief 
of the pain This tolerance varies for the individual subject Hospitalized patients 
may be free of any undesirable reactions within twenty-four to forty-eight hours, no 
matter how severe they were at the initial dose On the other hand, mild and usually 
undisturbing reactions may occur with each dose in ambulatory patients for several 
weeks or months 

The incidence of the various side effects, significant or otherwise, for each 
treated group is presented in table 5 The dizziness is mild and is often described 
as a “feeling of being drunk,” “lightheadedness,” “floating on air” or “swelling of 
the head” In ambulatory patients this symptom may be disturbing, particulaily 
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subside It is essential to 1 eemphasize the fact that demerol is merely a symptomatic 
measure and not a cure In patients with chronic pain, a single dose may result in 
alleviation of the pam for only two to four hours, at which time, if no further medica- 
tion is given, the pam returns to its original intensity This may be overcome by 
administering the drug several times at definite intervals of three to four hours at 
which tune a maximum and piolonged analgesic effect is usually achieved 

The sedative effect is definite but not marked Restlessness is immediately 
relieved, and m the majority of instances after parenteral administration of large 
doses sleep may be induced This is of short duration, usually less than the period 
of analgesia, but when the drug is given at night, the effect may merge into natural 
and restful sleep which lasts for several hours The orally administeied dose may 
not be effective for this purpose, and if a soporific effect is desired in addition to 
analgesia other somnafacients may be necessary In contrast to morphine and 
codeine, excitation is raiely if ever observed with demerol 

In both the hospitalized and the ambulatory patients, who took the di ug for many 
weeks and months, it was impossible to establish with any certainty that tolerance 
to the general analgesia occurs A few patients requii ed an increased dose to obtain 
relief of pam However, the patients’ conditions may have changed and the pam 
increased m severity In fact, m several of these patients it was possible to return 
to a smaller dose or to the original dose to achieve the same effect as that gamed at 
the onset of therapy 

Although tolerance may develop for the effect by which the threshold for cutane- 
ous pam is raised, as demonstrated by Andrews , 20 and for the side reactions, we feel 
that the likelihood of its occurrence for general analgesia is remote 

The question of addiction liability must be considered carefully in view of the 
drug’s resemblance to morphine particularly in producing euphoria and in its ability 
to satisfy partially the “need” for opiates m patients already addicted By the term 
addiction is meant the development of physical dependence on a drug, so that on its 
withdrawal symptoms and signs indicative of its need become manifest On the 
other hand, habituation represents the psychic craving for a drug to maintain a state 
of well-being or to achieve a desired effect, such as euphoria, analgesia or sedation 
In the latter case withdrawal symptoms do not result when administration of the 
drug is discontinued 

European observeis 27 and recently Himmelsbach 28 have reported on the liability 
of addiction to demerol There is no question that the administration of demerol 
without restriction of dose to addicts or postaddicts will cause physical dependence 
on and abuse of the drug In my own patients receiving the drug m controlled 
doses for several weeks or months, there has been no instance of primary addiction 
However, m view of the present limited experience with the drug, the possibility 
of the occurrence of addiction after extended administration m patients with chronic 
illness has not been excluded ' The question requires further study and can be 
answered only by trial on patients who have not previously received opiates At the 
present time it can be stated that demerol may result in habituation In a few 
instances, because of the analgesic and sedative effect or the occurrence of euphoria, 

26 Andrews, H L The Development of Tolerance to Demerol, J Pharmacol & Exper 
Therap 75 338, 1942 

27 Kucher, I Zwei Falle von Dolantinsucht, Klin Wchnschr 19 688 (July 6) 1942 
von Brucke, S Ueber Dolantmabusus und einen Fall von Dolantindelir, Wien klm 
Wchnschr 53 854 (Oct 18) 1940 

28 Himmelsbach, C K The Addiction Liability of Demerol-(l-Methyl~4-Phenyl-Piper- 
idine-4-Carbonic Acid Ethyl Ester), J Pharmacol & Exper Therap 75 64, 1942 
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advanced caicmoma of the esophagus, and the reaction developed after 100 mg of 
demerol was given m combination with 0 0004 mg of scopolamine hydiobromide 
for preanesthesia The second patient was markedly debilitated with geneiahzed 
aiteriosclerosis and piesented the lespnatoij depression aftei a dose of 100 mg of 
the diug, even though for the previous month repeated injections of the same dose 
had not produced any untoward effects In several cases in which moiphine had 
previously produced lespnatoiy depression demeiol was easily substituted without 
causing this leaction 

Prolonged use of demerol did not lesult in any alteration of the hemopoietic 
system or impairment of lenal function In a few ambulatory patients anorexia 
was a piominent complaint at the onset of theiapy, but this soon subsided, with 
lestoration of normal appetite On the other hand, many patients noted an improve- 
ment of their appetite Constipation, which occurs m piactically eveiy patient 
treated with opiates, never resulted from medication with demerol 

It is of paiticular interest to note the occunence of euphoria Although it is 
listed as a side effect, the state of well-being may be considered a desu ed therapeutic 
effect It is not noted in more than 8 to 10 per cent, which is considerably lower 
than the 90 per cent repoited by Barlow 7 for normal subjects The presence of 
pain, othei accompanying side effects and the hospital atmosphere may explain 
the diffei ence m incidence 

Finally, the diug may be given without fear to patients leceiving sulfonamide 
compounds, since they did not appeal to affect the potency or the safety of demerol 

PHARMACOLOGIC STUDIES IK MAN 

In addition to the gastrointestinal intubation studies mentioned pieviously, 
extensile pharmacologic studies in man were undertaken to evaluate the drug’s 
safety and its othei actions besides analgesia The electrocardiogram and the basal 
metabolic rate remain unalteied The blood pressure and the ventricular late are 
unaffected in theiapeutic doses except in those patients presenting syncope, in which 
case the blood piessuie falls moderately and the rate deci eases Unlike moiplune 
demerol does not change the size of the pupil, and the pupillary reflexes can still be 
elicited It is of interest to note that the corneal reflex and the sensitivity of the 
cornea aie abolished m approximately 80 pei cent of subjects Diowsmess and 
sleep occur with the larger doses usually after parenteral administration, are of 
shoit duration and are not followed by depression oi confusion 

COMMENT 

For centimes opiates have been the most effective drugs for the relief of pain. 
Although they possess many undesnable side effects and disadvantages, their 
potency is such that their use became mandatoiy when seveie pain was present 
It is therefore unfortunate that other analgesic drugs, notably the coal tai denva- 
tives, were ineffective for this type of pain This is of paiticular importance m the 
treatment of chronic conditions, m which the indiscriminate use of a potent narcotic 
usually leads to development of physical dependence on the drug Demerol is the 
first drug which appears to be of value in those patients who ordinarily would have 
required opiates foi relief With rare exceptions the pam and restlessness of 
patients after operation are moie than satisfactorily controlled Visceral pam, such 
as peritoneal and pleuntic irntation, as well as colicky pains of all types, is imme- 
diately relieved, with a minimum of undesirable side reactions Conditions asso- 
ciated with chronic pam are also greatly relieved and the patients made comfoi table 
with an appropriate dose of demerol, or once any side effects, if initially present. 
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In a previous papei 1 we leported the lesults of the deteimmation of effective 
renal blood flow, glomerular filtration rate and tubular excretory mass by the 
diodrast and mulin clearance methods in 20 patients with aitenal hypertension 
It was concluded that arterial hypertension is associated with renal ischemia and 
that the reduction of blood supply to the kidney shows a definite correlation with 
the severity of the disease, as indicated by the changes, in the eyegrounds, the 
degree of thickening of the systemic artenoles, the lenal function and the elevation 
of systolic and diastolic blood pressures While this previous paper was in press, 
the results of similar studies were published by other investigators 2 who also 
concluded that the rate of renal blood flow is deci eased in most cases of hyper- 
tension 

The purpose of this papei is to leport the results of the deteimmation of 
effective renal blood flow, glomerular filtration rate and tubular excretory mass after 
supradiaphragmatic splanclinicectomy and lower dorsal sympathetic ganglionectomy 
m patients who had been studied preoperatively Peet, Woods and Braden 3 
reported the clinical results of this operation m the treatment of 350 patients 
with arterial hypertension and found that in 514 per cent the blood pressure 
was significantly reduced 

Several hypotheses have been advanced to explain why different operations 
on the sympathetic nervous system frequently cause a drop in blood pressure 

* Research Fellow in Surgery 

Funds for this work were made available through a grant to the Department of Neuro- 
surgery by the Aaron Mendelson Memorial Trust Fund 

Read before the Section on Pathology and Physiology at the Ninety-Third Annual 
Session of the American Medical Association, Atlantic City, N J , June 10, 1942 

1 Foa, P P , Woods, W W , Peet, M M , and Foa, N L Effective Renal Blood 
Flow, Glomerular Filtration Rate and Tubular Excretory Mass in Arterial Hypertension, 
Arch Int Med 69 822 (May) 1942, abstracted, Am J Path 17 446 (May) 1941 

2 Friedman, M , Selzer, A , and Rosenblum, H The Renal Blood Flow m Hyper- 
tension as Determined m Patients with Variable, with Early and with Long-Standing Hyper- 
tension, JAMA 117 92 (July 12) 1941 Goldring, W , Chasis, H , Ranges, H A , 
and Smith, H W Effective Renal Blood Flow in Subjects with Essential Hypertension, 
J Clin Investigation 20 637 (Nov ) 1941 Chasis, H , and Redish, J Effective Renal 
Blood Flow in the Separate Kidneys of Subjects with Essential Hypertension, ibid 20 655 
(Nov ) 1941 

3 Peet, M M , Woods, W W , and Braden, S The Surgical Treatment of Hyper- 
tension, J A M A 115 1875 (Nov 30) 1940 
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desire for the drug was expiessed However, none of these patients experienced 
any untoward reaction on withdrawal of the drug 

For hospitalized patients the average theiapeutic dose of demerol is 50 to 100 mg 
administered orally or parenterally If this dose is unsatisfactory, jt may be 
increased by increments of 25 mg until a desired effect is achieved or 200 mg 
is being administered It is unlikely that higher doses would be necessary, since it is 
unusual for a patient not to respond to a dose under 150 mg However, if analgesia 
is not obtained with a dose as high as 200 mg, the probability of the patient’s 
responding to a higher dose is remote Furthermore, it has been my experience 
that an equivalent dose of morphine is also unlikely to produce a greater effect 
m such a case With severe and acute pain a dose of 100 mg may be repeated m 
one or two hours if necessary If side effects occur with the average dose and 
continue to occur with the same severity on subsequent doses, they may be prevented 
or decreased by giving a smaller dose of 25 to 50 mg until a tolerance develops 
for the undesirable reactions It is then possible to return to the larger dose for the 
analgesic effect 

The initial dose for the ambulatory patient should be 50 mg at intervals of four 
hours The patient should be cautioned as to the possibility of the occurrence of 
dizziness and weakness and advised to assume a supine position if these are severe 
These symptoms usually subside quickly and gradually become less disturbing if the 
medication is continued The dose may be increased to 75 or 100 mg if necessary 
Demerol offers several advantages Besides being synthetic and a potent 
analgesic, it is relatively free of any serious toxic manifestations Its use for con- 
ditions previously responding only to morphine allows the lattei drug to be reserved 
for use m refractory cases Respiratory depression and urinary difficulty are rare 
following its use The absence of disturbance of pupillary reflexes makes the drug 
particularly useful for head injuries and other intracranial conditions In contrast 
to the opiates, it may be used without feai in patients with severe anemia, disease of 
the liver or kidneys or bronchial asthma Its antispasmodic action makes the drug 
ideal for the treatment of severe colicky pam Finally, its general analgesic effects 
can be elicited for weeks or months after intensive therapy without any appreciable 
tolerance developing The high incidence of side effects m ambulatory patients and 
the rapid dissipation of the drug from the body are two minor disadvantages The 
former is only of temporary importance, since the side effects subside v, ith prolonged 
use, and the short duration of analgesia may be overcome by administering the 
drug more often 

CONCLUSION 

Demerol, a new synthetic analgesic, was studied in 1,119 hospitalized patients 
and found to be potent, effective and safe for the lehef of pam due to a variety of 
medical and surgical conditions It could be used m patients who ordinarily would 
have required opiates for relief Hospitalized patients are relatively free of serious 
side effects, but because of the high incidence of dizziness and the possibility of 
syncope the drug should be used with caution on ambulatory patients 

This investigation was carried out under the direction of Prof Arthur C DeGraff 
Miss Aniele C Evaskitis, research nurse of the Department of Therapeutics, New York 
University College of Medicine, assisted me m the pharmacologic studies and m obtaining 
data on the patients receiving demerol 

467 Eighty-First Street 
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based on the facts that at low plasma concentration diodrast is practically completely cleared 
in one passage of the plasma through the kidneys and that therefore diodrast clearance 
measures the flow of plasma through the active renal tissue When the concentration of 
diodrast m the plasma is increased enough to saturate the kidneys, the excretion of this 
substance reaches a maximum This is proportional to the amount of excretory tissue and, 
expressed in milligrams of iodine excreted per minute, is used as a measure of the tubular 
excretory mass (Tmn) Inulin is excreted only by glomerular filiation and is not reab- 
sorbed by the tubules Its clearance is therefore a measure of the filtration rate 

The eyegrounds of every patient have been reexamined and regrouped according to the 
Keith-Wagener classification and by objective findings, such as hemorrhages, exudates and 
papilledema 

Blood pressure readings were always taken by the same observer and under uniform 
conditions Briefly, the patient was reclining, the blood pressure was taken from the right 
arm, the diastolic pressure was read when the sound first became dull, since in patients with 
hypertension it is frequently impossible to determine sharply the disappearance of all sounds 
The recommendations of the ' American Heart Association 11 were followed in all other 
respects 

The term “blood pressure on admission” (see tables) is used to denote the blood pressure 
measured when the patient was admitted to the hospital before the operation and also when 
he was readmitted for the postoperative examination after five or more months The term 
“blood pressure during test’ 1 is used to denote the average of all the blood pressure readings 
obtained during each determination of inulin and diodrast clearances Blood pressure readings 
were taken approximately every five minutes for about three hours 

In the comment which follows on the effect of splanchmcectomy on renal circulation, an 
increase or decrease of 20 or more mm of mercury systolic and 10 or more mm of mercurj 
diastolic in “blood pressure during test” was considered a significant change No change 
of less than 15 mm in mean blood pressure or of less than 10 mm in pulse pressure was 
considered significant We feel that these differences are great enough to rule out the possi- 
bility of an error of determination In evaluating clinical results, however, for which daily and 
weekly fluctuations of blood pressure must be taken into account, the criteria of Peet, Woods 
and Braden 8 were used and a change of 40 systolic and 15 diastolic or more was considered 
significant 

RESULTS 

Of the 20 patients repotted on in our previous papei, 1 2 (S M and DM) 
died before any postoperative examination could be made, and 3 (E J , N E 
and T S ) did not return for reexamination For 15 patients the tests were 
repeated in from two weeks to twelve months after the operation Two patients 
(B E and N N ) who were not included in the fust senes are included in the 
group used for this paper 

Table 1 contains the average results of the tests, which weie made shortly 
after the patients, 15 in number, had recovered from the operation, and when they 
were about to be discharged Patient L C , who returned for her first post- 
operative examination two months after the opeiation, is included m table 1 

Table 2 contains the average results obtained for those patients, 15 in number, 
who were studied in from five to twelve months after the operation Thirteen of 
our patients had two postoperative examinations and aie included in tables 1 
and 2 12 


11 Standardization of Blood Pressure Readings, Joint Recommendations of the Amencan 
Heart Association and the Cardiac Society of Great Britain and Ireland, Am Heart J 
18 95 (July) 1938 

12 The reader will notice that the average preoperative values are not the same m 
table 1 as in table 2 and that they also differ from the average preoperative values given in 
the preceding paper This is due to the fact that m each table preoperative averages were 
computed only on those patients who were examined at the postoperative time under consid- 
eration and that not all the patients who were reexamined two weeks after operation had a 
later check-up, or vice versa Moreover, not all the patients who were studied preoperatively 
had further studies, and 2 new patients not reported in our preceding paper are included in 
these tables 
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According to one theoiy, the deneivation of the adrenal glands, which is more 
or less extensively accomplished by most of the opeiations recommended, decreases 
the hyperepinephrinemia to which hypertension is attributed A second hypoth- 
esis is that the operation dilates the vessels controlled by the resected nerves, 
thus creating a large vascular bed with decreased resistance in the splanchnic area 
As a working hypothesis, Peet 4 5 6 suggested that his type of splanchnicectomy dilates 
the renal arterioles and increases the blood flow through the kidneys m patients 
with arterial hypertension, thus attacking directly what might be considered the 
primary cause of the disease Finally, we wish to present in this paper the hypoth- 
esis that improvement in blood pressure following splanchnicectomy is due to 
an increased pulse pressure in the renal arterioles 

It has been shown that section of different parts of the sympathetic nervous 
system cannot prevent or cuie hypertension produced experimentally by clamping 
the renal arteries B This fact has often been used as an argument against the 
surgical treatment of hypertension It should be emphasized, however, that whereas 
the interruption of nervous pathways cannot modify lenal circulation obstructed 
by an irremovable metal clamp, it could lemove an obstruction due to a reversible 
spastic contraction of the renal arterioles Evidence that in ceitam circumstances 
renal circulation is controlled by the nervous system has been presented 0 As a 
matter of fact, renal denervation has proved effective m preventing or curing 
other forms of experimental hypertension, such as the one due to oxalate nephritis, 7 
or the one due to injection of kieselguhr (purified siliceous earth) into the 
renal artery 8 9 According to Grimson, 0 complete sympathectomy prevents and 
cures hypertension due to resection of the carotid and aortic depressor nerves 

METHODS AND CRITERIA 

Diodrast and inulin clearances have been detei mined, with the same technic and precau- 
tions as in the preoperative studies 1 From these determinations effective renal blood flow, 
glomerular filtration rate and tubular excretory mass have been computed The principles 
of these methods have been extensively discussed by Smith and his associates 10 They are 

4 Peet, M M Splanchnic Section for Hypertension A Preliminary Report, Univ 
Hosp Bull , Ann Arbor 1 17 (June) 1935 

5 Blalock, A , and Levy, S E Studies on the Etiology of Renal Hypertension, Ann 
Surg 106 826 (Nov) 1937 Freeman, N E, and Page, I H Hypertension Produced 
by Constriction of the Renal Artery in Sympathectormzed Dogs, Am Heart J 14 405 (Oct ) 
1937 Goldblatt, H , and Wartman, W B Studies on Experimental Hypertension VI 
The Effect of Section of Anterior Spinal Nerve Roots on Experimental Hypertension Due 
to Renal Ischemia, J Exper Med 66 527 (Nov ) 1937 Goldblatt, H , Gross, J , and 
Hanzal, R F Studies on Experimental Hypertension II The Effect of Resection of 
Splanchnic Nerves on Experimental Renal Hypertension, ibid 65 233 (Feb ) 1937 Glenn, 
E , and Lasher, E P The Effect of Destruction of the Spinal Cord on the Artificial 
Production of Hypertension m Dogs, Am J Physiol 124 106 (Oct) 1938 

6 Herrick, J F , Essex, H E , and Baldes, E J Observations on the Flow of Blood 

of the Kidney, Am J Physiol 99 696 (Feb ) 1932 Schneider, M , and Wildbolz, E 

Dekapsulation und Enervation der Niere und Nierendurchblutung, Ztschr f urol Chir 43 1, 
1937 Hermann, M, and Jourdan, F Verification par la methode des degenerescences 
de la systematisation ganghonnaire des voies vasoconstnctives du rein, Compt rend Soc 
4e biol 124 1108, 1937 

7 Amott, W M , and Kellar, R J The Effect of Renal Denervation on the Blood 
Pressure in Experimental Renal Hypertension, J Path & Bact 42 141 (Jan) 1936 

8 Maegraith, B G, and McLean, F J Experimental Renal Hypertension m Rabbits 
Effect of Section of Renal Nerves, J Physiol 92 44 P (Feb) 1938 

9 Grimson, K S The Sympathetic Nervous System in Neurogenic and Renal Hyper- 
tension, Arch Surg 43 284 (Aug) 1941 

10 Smith, H W , Goldring, W , and Chasis, H The Measurement of the Tubular Excretory 
Mass, Effective Blood Flow and Filtration Rate in the Normal Human Kidney, J Clm 
Investigation 17 263 (May) 1938 
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* XC W, the I\cith Wngener cHssidcation of hypertensive patients based on the condition of the ocular fundus 
i II, hemorrhages, F\, exudates, Fd, papilledema, Sp, angiospasm, Sc, sclerosis 



Table 1 — Averages of Data Obtained on Reexamination Appi oxunatcly Tivo Weeks Aftei 

Opeiation 



Group I 

Group 2 





Markedly Reduced 

Moderately Reduced 





Renal Blood Plow 

Renal Blood Plow 

Total Average 


Pre 

Post- 

Pro 

Post- 

Pre 


Post- 

Blood pressure, mm He 

operathe operative operative operative operative operative 

Systolic and diastolic 

203/133 

190/124 

170/111 

IGo/lll 

180/118 


173/115 

Mean pressure 

108 

157 

144 

138 

152 


144 

Pulse pressure 

70 

60 

65 

54 

08 


68 

Eflectne renal blood lion, cc per mm 

316 0 

418 4 

781 0 

728 G 

047 41 


032 41 

Filtration rate (Cm), cc plasma per min 

581 

09 3 

120 5 

112 40 

101 31 


99 2 

Filtration fraction (PP), percentage 

Tubular excretory mass (Turn) In mg iodine per 

20 08 

22 5S 

2018 

20 00 

20 34 


24 99 

min 



3o 73 

41 0 

35 73 


41 0 

Ratio of diodrast clearance to excretory mass 








(Cn/Tmult 



13 70 

10 91 

13 70 


10 91 

Ratio of inulin clearance to excretorj mass 








(Cm/TmD) 



3 82 

2 73 

3 82 


2 73 

Arteriolar ratio, tvall/lumen , , . 

Eyegrounds 

1 0105 


0 9307 


0 9783 



Keith Wagener classification 








Normal 

0 


3 



3 


Group I 

0 


0 



0 


Group II 

0 


1 



1 


Group III 

2 


o 



7 


Group IV 

i 


0 



4 


Objective findings 








Normal 

0 


3 



3 


Sclerosis only 

0 


1 



1 


Spasm only 

2 


1 





Spasm and sclerosis 

b 


3 



3 


Retinitis 

i 


1 



5 


; Cd Effective renal plasma flow (diodrast clearance) 


Table 2 — Aveiages of Data Obtained 

on Rcerammation 

Five 

to Twelve 

■ Months Aftzi 



Operation 








Group l 

Group 2 





Markedly Reduced Moderately Reduced 





Renal Blood Plow 

Renal Blood Plow 

Total Average 

Blood pressure, mm Hg 


Pre 

Post 

Pre- 

• — > Im- 

post 

Pre 

Post 


opernthe operative operative operative operative operative 

Systolic and diastolic 


229/131 

172/111 

212/137 

159/103 

217/135 

1G3/10C 

Mean pressure 


ISO 

142 

175 

131 

176 

135 

Pulse pressure 

During test 


98 

01 

75 

56 

82 

57 

Systolic and diastolic 


197/128 

169/110 

176/113 

159/102 

183/117 

100/104 

Mean pressure 


103 

140 

145 

131 

150 

1j2 

Pulse pressure 


68 

59 

63 

57 

0G 

5G 

Effective renal blood flow, cc per mm 

427 5 

510 4 

764 6 

6S2 4 

660 9 

629 45 

Filtration rate (Cin), cc plasma per min 

75 5 

99 4 

11516 

143 65 

102 94 

130 05 

Filtration fraction (FP), percentage 

Tubular excretory mass (Tmn) in mg Iodine per 

29 81 

33 09 

25 15 

33 00 

27 37 

33 03 

min 




35 96 

35 05 

35 96 

35 05 

Ratio of diodrast clearance to 

excretory mass 





(Cd/Tdid) 



11 63 

12 05 

11 63 

12 05 

Ratio of inulm clearance to 

excretory mass 






(Cin/Tmp) 



3 95 

5 32 

3 95 

5 32 

Arteriolar ratio, wall/lumen 
Eyegrounds 


3 1124 


0 9323 


1 0095 


Keith Wagener classification 








Normal 


0 

0 

3 

2 

3 

2 

Group I 


0 

0 

0 

0 

0 

0 

Group II 


0 

2 

1 

4 

1 

6 

Group III 


3 

4 

5 

3 

8 

7 

Group IV 


3 

0 

0 

0 

3 

0 

Objective findings 








Normal 


0 

0 

3 

2 

3 

2 

Sclerosis onlj 


0 

2 

1 

3 

1 

5 

Spasm only 


2 

2 

0 

3 

2 

5 

Spasm and sclerosis 


0 

o 

4 

0 

4 

0 

Retinitis 


4 

o 

1 

1 

5 

3 


360 




FOA ET AL— ARTERIAL HYPERTENSION 


363 


The systolic and diastolic piessuies “during the test” averaged 183 and 117 
befoie the opeiation and diopped to an average of 160 and 104 five to twelve 
months after the operation The average mean blood pressuie “during the test” 
dropped from 150 to 132, and the pulse pressuie, from 66 to 56 The average 
“blood pressuie on admission,” systolic and diastolic, dropped from 217 and 135 to 
163 and 106, and the average pulse pressure, from 82 to 57 

The foregoing are the average data If the lesults obtained for the individual 
patients are now examined (table 3), it is again observed that no permanent signifi- 
cant changes m blood pressure oi renal blood flow were obtained within two weeks 
after the opeiation, but that within from five to twelve months after the operation 
in a good numbei of cases the blood pressure was reduced without any significant 
change in renal blood flow 

" Blood Piesswe on Admission ” — According to the standaids aibitranly estab- 
lished for evaluating clinical results, 8 of the 15 patients who were examined five 
or more months aftei the operation had a significant drop in “blood pressure on 
admission” (i e more than 40 systolic and 15 diastolic) and 7 had no impiovement 
Of these 7, however, E J had a drop of 21 mm m diastolic piessure, B E a diop of 
34 systolic and 27 diastolic and H M a drop of 32 systolic and 6 diastolic The 8 
patients whose blood pressures were improved had no change in renal blood flow 
It is interesting to note that neither of the 2 patients whose renal blood flow 
inci eased had a reduction in blood pressure, in fact, 1 had an increase of 13 in 
mean pressuie 

" Blood Piesswe Dm mg Test” — Two weeks after the opeiation the “blood 
pressure during test” was i educed moie than 20 mm systolic and 10 mm diastolic 
m 3 patients out of 15 examined at this time Five to twelve months after the opera- 
tion, however, the number of patients in whom the “blood pressure during test” was 
i educed 20 systolic and 10 diastolic bad mci eased to 8 out of 15 The pulse pressuie 
was reduced by 10 or more in 8 out of 15 

Effective Renal Blood Flow — Two weeks after the operation, the effective 
lenal blood flow was unchanged in 7 patients and increased in 2 patients However, 
it remained extremely low in both of them A doubtfully significant change m lenal 
blood flow was noted in 8 patients These results were, however, temporary Five 
to twelve months after the opeiation (table 4) the renal blood flow showed no 
significant change, returning to approximately the pieoperative values m 13 of 
15 patients 

Filtration Fi action — Two weeks after the operation, the filtration fraction was 
i educed m 6 patients, unchanged in 4 patients and increased in 3 patients Five to 
twelve months after the operation the picture was again changed The filtration 
fraction was increased in 8 patients, of whom 4 had had a decrease or no change 
m this fi action two weeks aftei the operation In only 3 patients was a reduction in 
filtration fraction maintained for from five to twelve months after the operation 
In 1 case the filtration fraction, which was found unchanged two weeks after the 
opeiation, was decreased ten months latei It may be said, therefore, that the 
changes in filtration fraction after operation are not unifoim 

Tubular Excietoiy Mass — The tubular excretory mass, two weeks after 
the operation, was increased m 3 patients, unchanged in 1 patient and decreased 
m 2 patients Five to twelve months after the opeiation, the results were approxi- 
mately the same 

In our paper on preoperative studies 1 the patients were divided into two groups 
according to their effective lenal blood flow, and it was pointed out that patients 
m group 1, with a lower renal blood flow, weie more seveiely ill than patients m 
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Tables 3 and 4 contain data obtained on individual patients 
The data show that, on the average, two weeks after the operation there was 
no significant change m blood pressure or in renal circulation, although there 
weie minor temporary changes in individual patients Five to twelve months 
after the operation systolic, diastolic and pulse pressures weie l educed m a good 
percentage of cases, but these changes were not accompanied by significant changes 
in the renal blood flow As will be discussed latei, we feel that this is signifi- 
cant It is also apparent from the tables that frequently the final lesults of the 
operation appear only after seveial months and that no definite conclusions can 
be drawn when there is a short period of postopeiative observation 

Approximately two weeks after splanchnicectomy (table 1) the effective renal 
blood flow averaged 647 41 cc per minute, as compared with 632 41 cc per minute 
in the same patients before the operation, a change which may be considered 
insignificant The filtration rate (Cm) and filtration fraction (FF) did not change 
significantly either, averaging respectively 10131 and 26 34 before the opeiation 


Table 4 — Relation Between D> op m Blood Pressui e and Changes tn Renal Blood Flozv Five 

to Tzvelve Months Ajtei Opeiation 


Patient 

Blood Pressure on Admission, Sim He 

t > > 

Preopcrntlvc Postoperathc 

Postoperative Renal 
Blood Flow as Com 
pared to Preoperatne 

A O 

Group 1 
220/110 

214/113 

Increased 

O D 

250/120 

103/118 

Increased 

W J 

200/100 

125/ 03 

Unchanged 

F E 

220/130 

20S/12S 

Unchanged 

d o 

100/120 

185/120 

Doubtfully increased 

V P 

215/113 

15G/1C4 

Unchanged 

S M 

Group 2 
185/110 

120/ 89 

Decreased 

E J 

210/170 

234/110 

Unchanged 

S B 

225/130 

142/ 90 

Unchanged 

w c 

230/130 

100/ 07 

Unchanged 

B E 

200/150 

100/123 

Doubtfully increased 

O O 

210/150 

120/ 90 

Unchanged 

A A 

215/135 

107/110 

Unchanged 

H M 

210/120 

178/114 

Doubtfully decreased 

E O 

190/110 

135/ 07 

Unchanged 


and 99 2 and 24 99 two weeks after the opei ation The tubular excretory mass 
(Tm D ) increased from 35 73 to 41 0, and accoidmgly the blood flow and filtration 
rate per unit of tubular excretory mass (C D /Tm D and Cj n /Tm D ) decreased from 
13 7 to 10 91 and from 3 82 to 2 73 respectively The average systolic and diastolic 
“blood pressures during the test” were 186 and 118 before the opeiation and 173 
and 115 two weeks after The average mean blood pressure was 152 before and 
144 after, and the average pulse pressure dropped fiom 68 to 58 

Five to twelve months after splanchnicectomy (table 2) the effective renal blood 
flow averaged 629 45 cc per minute, as compared with 660 9 cc per minute in the 
same patients before the operation, which is not a significant change The aveiage 
filtration rate rose from 102 94 cc per minute to 130 05 cc per minute, and 
accordingly the average filtration fraction increased from 27 37 to 33 03 per cent 
The tubular excretory mass remained relatively unchanged, averaging 35 96 before 
the operation and 35 05 after it The blood flow per unit of tubular excretory mass 
(Co/Tmo) did not change significantly, being 11 63 before the operation and 12 05 
after it The filtration rate per unit of tubular excretory mass (Ci n /Tm D ) lose from 
3 95 to 5 32 
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thei mosti omuhr and found that it deci eased immediately after paitial constriction 
of the 1 enal artery but that it 1 eturned to pi evious levels after a few minutes The} 
also found that the blood flow must be 1 educed by about two thirds to prevent its 
leturn to normal levels Corcoran and Page 16 reported similar results Alpeit and 
Thomas 17 found that dogs with long-standing hypertension may have normal 
renal blood flow Finally, Friedman, Sugarman and Selzer 18 recently published 
evidence showing that lenal ischemia is probably a phenomenon secondaiy to hyper- 
tension This evidence suggests that reduced blood flow through the kidneys per se 
is not the primary cause of experimental hypertension, since the hypertension 
persists m the face of a blood flow which has returned to normal The only evidence 
conti aiy to this hypothesis is the observation of Mansfield and his associates 10 and 
of Cerqua and Samaan 20 They increased the renal blood supply by pexis of 
spleen oi omentum to the decapsulated kidney and obtained long-lasting i eduction 
of blood piessure m hypertensive dogs The reduction lasted until the newly 
formed collateial cnculation was interrupted This proceduie, however, was 
entirel} unsuccessful in l elievmg hypertension in man 21 

The obseivations presented heie on renal blood flow m man following supia- 
diaphi agmatic splanchmcectomy and sympathetic ganghonectomy are consistent 
with the hypothesis that some factor other than renal ischemia is the primary cause 
of hypei tension This is borne out by the fact that there was no increase in effective 
lenal blood flow in those patients whose blood pressuie was definitely and pei- 
sistently l educed by the operation Two othei changes in the dynamics of lenal 
circulation suggest themselves as possible causes for the i eduction in blood piessuie 

1 The same amount of blood flows thiough the renal tissue after operation 
but is distnbuted moie uniformly We stated in our preceding paper 1 that hypo- 
tension might be due to “Irregular distribution of blood to the renal tissue with 
maiked ischemia in one part of the kidney and comparatively normal circulation 
in other parts ” It is conceivable that such ischemic parts might produce an 
amount of vasoconstrictor substance ( ? angiotonm) sufficient to pioduce hypei ten- 
sion! If after operation there were a better distribution of blood to the renal tissue, 
the tubular excretory mass would be increased, since diodrast would be carried 
by the blood to a largei number of nephrons The results of the investigation 
repoited here do not coiroborate this hypothesis, because, as has been pointed out, 

16 Coi coran, A C , and Page, I H Renal Blood Flow in Experimental Hypertension 
Due to Constriction of the Renal Artery, Am J Physiol 133 P 249 (June) 1941 

17 Alpert, L K, and Thomas, C B Renal Function m Hypertensive Dogs, Bull Johns 
Hopkins Hosp 66 407 (June) 1940 

18 Friedman, M , Sugarman, H , and Selzer, A The Relationship of Renal Blood 
Pressure and Blood Flow to the Production of Experimental Hypertension, Am J Physiol 
134 493 (Oct) 1941 

19 Mansfield, J S , Weeks, D M , Steiner, A , and Victor, J Reduction of Experi- 
mental Renal Hypertension by Pexis of Spleen or Omentum on the Kidney, Proc Soc 
Exper Biol & Med 40 708 (April) 1939 

20 Cerqua, S , and Samaan, A Cure of Experimental Renal Hypertension, Clm Sc 
4 113 (Dec) 1939 

21 Abrami, P , Islin, M , and Wallich, R Essai de traitement de 1’hypertension artenelle 
d’origme renale par la revascularisation chirurgical du rem (nephro-omentopexie), Presse 
med 47 137 (Jan ) 1939 Goldberg, S , Rodbard, S , and Katz, L N Increased Collateral 
Blood Supply to the Kidney m Renal Hypertension, Suigery 7 869 (June) 1940 Bruger, 
M, and Carter, R F Nephro-Omentopexy and Nephromyopexy in the Treatment of Arterial 
Hypertension, Ann Surg 113 381 (March) 1941 



364 


ARCHIVES OF INTERNAL MEDICINE 


group 2, who had a 1 datively higher renal blood flow The average wall/lumen 
ratio of the systemic aiterioles was 1 241 in group 1 and 1 009 in gioup 2, showing 
a gieatei organic thickening of the aiteriolai wall in the patients of group 1 than 
m those of group 2 This grouping has proved to be of prognostic value Seven of 
the 12 patients m group 1 had malignant hypertension, and 4 died (N N , S M 
A O and DM) A fifth (E J) left the hospital in extremely poor condition, and 
it has been impossible to communicate with him Only 2 (W J and VP) had a 
persistent drop m blood pressuie of 40 systolic and 15 diastolic One did not return 
for i eexammation, and the other 3 had a drop m blood pressuie which is probabh 
significant although not sufficient to meet our arbiti ary standards 

COMMENT 

The effect of sympathectomy on the renal circulation of patients with essential 
hypertension has been reported recently by other authors 13 They have concluded 
that sympathectomy does not modify the renal circulation My associates and I 
must disagree with this conclusion foi two reasons First, the postoperative observa- 
tion period was too short It has been pointed out in a preceding paragraph that 
not infrequently the immediate effects of operation differ considerably from those 
observed several months later Second, in the cases piesented by Corcoran and 
Page 13b and by Selzei and Friedman 13c the blood pressure was not significant!} 
reduced during the short period of postoperative observation We feel that a drop 
in blood piessuie is all important in reaching a conclusion as to the effects of the 
opeiation on the renal circulatory system If no reduction of the blood pressure is 
obtained, possibly because the organic changes in the systemic arterioles are too fai 
advanced to be leveisible, one does not expect any change m the arterioles of the 
kidney by interruption of the vasoconstrictor fibers 

Oui results indicate that bilateral supradiaphragmatic splanchnicectomy with 
lower dorsal sympathectomy does not significantly change the rate of effective 
renal blood flow or the tubular excretory mass of patients with arterial hyper- 
tension, irrespective of the effect on the blood picssure The question arises 
whether “renal ischemia” can be considered the primary cause of hypertension 
in man It may be that the ischemia of the kidneys is simply another aspect 
of the generalized arteriolar disease Ever since Goldblatt first produced experi- 
mental hypertension by reducing the lumens of the renal arteries, it has been 
customary to refer to this type of hypertension as “hypertension due to renal 
ischemia ” If the generally accepted meaning of the word ischemia, which is 
“reduced blood supply,” is used, it becomes doubtful whether it indicates the con- 
dition in the kidneys of Goldblatt animals In these animals the renal blood flow 
is not necessarily reduced once hypertension becomes established, because the 
increase in aortic pressure may compensate for the narrowing of the renal aiteiy 
As a matter of fact, Mann, Herrick, Essex and Baldes 14 have shown that the lumen 
of an artery must be greatly reduced before a significant reduction in blood flow 
can be obtained Schroeder and Steele 15 measured the renal blood flow with a 

13 (a) Alvmg, A S , Adams, W , Grimson, K S , Scott, C , and Sandiford, I 

Effect of Bilateral Paravertebral Sympathectomy on the Cardiorenal System in Essential 
Hypertension, Proc Inst Med Chicago 13 306 (Feb 15) 1941 ( b ) Corcoran, A C , and 

Page, I H Renal Blood Flow and Sympathectomy in Hypertension, Arch Snrg 42 1072 
(June) 1941 (c) Selzer, A , and Friedman, M Effect of Bilateral Splanchnicectomy upon 

Renal Blood Flow in Hypertension, Proc Soc Exper Biol & Med 48 429 (Nov ) 1941 

14 Mann, F C , Herrick, J F , Essex, H E , and Baldes, E J The Effect on the 
Blood Flow of Decreasing the Lumen of a Blood Vessel, Surgery 4 249 (Aug) 1938 

15 Schroeder, H A and Steele, J M The Behavior of Renal Blood Flow After 
Partial Constriction of the Renal Artery, J Exper Med 72 707 (Dec ) 1940 
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it is appaient how splanchmcectomy can modify the lenal circulation by increasing 
the pulse piessuie within the kidne}, even though the late of effective lenal blood 
flow is not mci eased 

The increase in filtration fraction which was found in 8 of 15 patients five to 
twelve months after the opeiation (tables 2 and 3) suggests that aitenolai dilata- 
tion may have occuired m the afferent glomerular arteriole, thus inci easing the 
inti aglomei ular piessure It was formerly believed by Smith and his associates 29 
that the efferent artenole plays a dominant role in controlling the late of glomeiular 
filtiation On the other hand, Lamport 30 has lecently indicated that the dominant 
lole may be played by the affeient arteriole Our evidence indicates that both 
ai tei loles are pi obably important in the regulation of glomerulai pressure 

Dilatation of the aitenoles with concuirent changes in pulse piessuie can, of 
couise, occui only when the consti iction is due to a leveisible spasm which can be 
lemoved by an opeiative pioceduie, and not when it is due to scleiosis oi hyper- 
tioph) of the wall This is borne out by the fact that the best lesults following 
opeiation were obtained in the patients who pieopeiatively had the greatest degree 
of vasomotihty and the least oiganic thickening of the systemic arterioles In 
evaluating oiganic aitenolai damage, the measuiement of effective renal blood 
flow and of the wall/lumen latio of the systemic aitenoles m this limited numbei 
of patients proved to be at least as valuable as the obseivation of the eyegiounds or 
the determinations of urea clearance and urine concentiation Further studies, on a 
largei number of patients, are needed to decide whether or not the detei mination 
of renal blood flow and the measurement of the wall/lumen latio of the arterioles in 
biopsy specimens of muscle should be added to the routine preoperative studies 
of patients with aitenal hypertension 

It is fully realized that the conclusions arnved at here are based on the measuie- 
ment of the blood flow to the renal excretory tissue alone The total renal blood 
flow cannot be measured by diodiast clearance, since the blood to the connective 
tissue is not cleared 31 It seems unlikely, howevei, that the connective tissue could 
play an important lole in the production of hypertension 

summary 

Diodiast and mulin clearances were used to measuie the effective lenal blood 
flow and filtration late in 17 patients with arteiial hypertension Measurements 
weie made befoie bilateral supradiaphragmatic splanchmcectomy with lower doisal 
sympathetic ganglionectomy and from two weeks to twelve months after the opeia- 
tion The results indicate that the operation did not change the renal blood flow 
significantly, even when the blood pressure was i educed Theie was a reduction 
of blood pressuie in 8 patients Constancy of lenal blood flow combined with 
reduced blood pressure suggests decreased vascular lesistance and mtraienal 
arteriolai vasodilatation, with a resultant mciease in pulse piessure within the 
kidney 

The patients with the highest effective renal blood flow, the greatest vasomotihty 
and the least thickening of the systemic arterioles received the most benefit fiom 
the operation It is suggested that the determination of effective renal blood flow 

29 Footnote 2 Smith, Goldring and Chasis 10 

30 Lamport, H The Relative Changes in Afferent and Efferent Arteriolar Resistance in 
the Normal Human Kidney, J Clin Investigation 20 545 (Sept) 1941 

31 Smith, H W Note on the Interpretation of Clearance Methods in the Diseased 
Kidney, J Clin Investigation 20 631 (Nov ) 1941 
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tubular excietoiy mass was mci eased m only 3 of our patients, 2 of whom did not 
have a drop in blood pressure 

2 The pulse piessuie within the kidney is mci eased by the operation, and 
consequently the diffusion of a vasoconstuctor substance from the renal cells into 
the blood stieam is pi evented The hypothesis that a decreased pulse pressure 
rather than a decreased lenal blood flow might be the primary cause of hypertension 
has been suggested by Corcoran and Page 22 Kohlstaedt and Page 23 have shown 
that when an isolated kidney is perfused with a reduced blood flow no angiotonm 
is liberated unless the pulse piessuie is also i educed Organs perfused with con- 
tinuous flow become edematous, and the normal permeability of their cells is 
alteied 24 It is therefore conceivable that if the pulse pressure m the kidney m 
human hypertension were reduced the lenal cells might allow the diffusion of a vaso- 
constrictor substance into the blood, producing mci eased systemic blood pressure 

The fact that in many patients the rate of effective renal blood flow is maintained 
after operation despite a reduction m blood pressure indicates that the resistance 
of the renal vessels is probably reduced and that therefoi e the renal arterioles may be 
dilated What would be the effect of this dilatation on the pulse pressure within 
the renal arterioles' 3 In order to answer this question the investigator must first 
undei stand the changes m pulse pressuie within the arterial system as the vessels 
dimmish in caliber from the heart to the capillary bed Pulse pressure is at its 
maximum m the left ventricle and aorta, and as the arteries dimmish in caliber the 
pulse pressure decreases, until it disappeai s in the capillai les and veins It has been 
shown that the pulse piessure is diminished below the site of a constriction in an 
artery, such as coarctation of the aorta 25 It can be assumed, therefore, that the 
pulse pressure is decreased in the constricted arterioles of the kidney in hyper- 
tensive patients If these constricted arterioles are dilated by the interruption of 
vasoconstrictor impulses, it follows that the pulse pressui e must be increased 

It would seem to be a contradiction that m most of the patients included m this 
study the brachial pulse pressure, which was high before operation, is deci eased 
postoperatively, wheieas the pulse pressure in the renal arterioles is increased This 
appaient contradiction, however, is easily understood when one realizes that the 
preoperative high pulse pressure in the brachial artery was due to increased periph- 
eral resistance (For a more extensive discussion, see Bradley and Paiker, 26 
Wilkins and Duncan 27 and Wiggers 28 ) If the peripheral resistance is reduced 
by removal of vasospasm, the pulse pressure in the brachial aitery decieases, 
whereas it mci eases in the peripheial aiterioles, which have become dilated Thus 

22 Corcoran, A C , and Page, I H Renal Aspects of Experimental and Clinical 

Hypertension, J Lab & Clin Med 26 1713 (Aug) 1941 

23 Kohlstaedt, K G , and Page, I H Production of Renin by Constricting the Renal 
Artery of an Isolated Kidney Perfused with Blood, Proc Soc Exper Biol & Med 43 136 
(Jan ) 1940 

24 Parsons, R J , and McMaster, P D The Effect of the Pulse upon the Formation 
and Flow of Lymph, J Exper Med 68 353 (Sept ) 1938 

25 Steele, J M Evidence for General Distribution of Peripheral Resistance in Coarc- 
tation of the Aorta Report of Three Cases, J Clm Investigation 20 473 (Sept ) 1941 

26 Bradley, S E, and Parker, B The Hemodynamic Effects of Angiotonm in Normal 
Man, J Clin Investigation 20 715 (Nov ) 1941 

27 Wilkins, R W, and Duncan, C N The Natuie of the Arterial Hypertension Pro- 
duced m Normal Subjects by the Admimstiation of Angiotonm, J Clin Investigation 20 721 
(Nov) 1941 

28 Wiggers, C J Basic Hemodynamic Principles Essential to Interpretation of Car- 
diovascular Disorders, Bull New York Acad Med 18 3 (Jan ) 1942 
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Dr George E Wakerlin, Chicago It is worth while to point out that there has been 
experimental woik done on the hypertensive dog to show that a reduction in renal blood flow 
is not necessary for the production of experimental renal hypertension by constriction of the 
renal arteries Usually there is a reduction in renal blood flow in these dogs, but it is not 
a necessary concomitant of experimental renal hypertension, since in some dogs hypertension 
develops without any reduction in renal blood flow 

I agree with Dr Lamport that it still has to be demonstrated that a reduction in renal 
pulse pressure has any relation to the pathogenesis of experimental renal hypertension or 
clinical hypertension If a reduction m pulse pressure does play a role, it must act through 
some chemical mechanism whereby the pressor substance, whatever that may be, is released 
from the kidney of the patient with essential hypertension 

It is well to emphasize that bilateral splanchmcectomy in the normal dog or human being 
results in only a temporary reduction in blood pressure Dr Foa and his group reported that 
50 per cent of their patients showed a reduction in blood pressure at the end of six or twelve 
months That is not a long enough time for observation A minimum period of three years 
is necessary before results of this sort can be reported as representing positive reductions 
in blood pressure 

If one examines the vast amount of data concerning the effect of splanchmcectomy on 
human beings with essential hypertension, one finds that after five years not more than 5 per 
cent of the patients continue to show a reduction in blood pressure I am inclined to think 
that this 5 per cent represents a specific group within the genus of essential hypertension 
There undoubtedly are various types of essential hypertension, and I do not feel that bilateral 
splanchmcectomy is indicated for essential hypertension until such time as we can determine 
whether the patient is a member of this special group of 5 per cent or one of the 95 per cent 
Dr Piero Foa, Ann Arbor, Mich The figures that we have given are group figures, all 
individual figures were corrected for the average normal body surface of 1 73 square meters 
The tubular mass was determined for every patient, and the results indicate that the blood flow 
is reduced in hypertensive persons also in relation to the mass of their kidneys 

We have presented the hypothesis of the pulse pressure as pure speculation Unfortunately, 
there is no means of measuring directly the blood flow or the pulse pressure within the human 
kidneys, and we have to rely on indirect methods 

No vasomotor tonus seems to exist m normal kidneys However, abnormal vasoconstrictor 
stimuli might be present in hypertensive patients 

Dr Freund stated that the operation is devastating It certainly is severe, but I do not 
believe we can call an operation devastating when the patient can leave the hospital and 
gradually resume his normal activities after only two weeks, and when the average mortality 
is about 3 per cent 

I agree that some of the tests of renal function, such as determinations of urea clearance, 
nonprotem nitrogen and urea concentration, are fallacious Hypertension can be present when 
renal function is perfectly normal For this reason we believe that a test of renal circulation, 
such as the measurement of the blood flow, would tell more about a vascular disease than the 
aforementioned excretory tests 

The results of renal biopsy are undoubtedly very interesting We have just completed 
the study of 350 muscle biopsies in patients who have been followed up to seven years after 
the operation and have found that there is a striking correlation between the degree of arteriolo- 
sclerosis and the results of the operation The biopsy of muscle might be just as good as 
a biopsy of the kidney and much easier to perform 

Dr Wakerlm also objected that the hypothesis of the pulse pressure is purely speculative 
I have already answered that objection 

He also stated that splanchmcectomy does not reduce hypertension in Goldblatt dogs This 
is to be expected, since the silver clamp on the renal artery cannot be removed by splanchni- 
cectomy In hypertensive patients, however, the silver clamp is represented by a spasm of 
the renal arterioles, which can conceivably be relaxed by interruption of the neural pathways 
carrying vasoconstrictor stimuli 

Only the 22 patients m whom renal blood flow has been studied have been followed for 
from six to twelve months A larger series, of 350 consecutive patients, has been followed 
for periods up to seven years , 50 per cent of them had a significant reduction in blood pressure 
The patients were unselected 
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and the measuiement of the wall/lumen latio of the systemic artenoles m biopsy 
specimens of muscle might piove to be valuable m the pieoperative study of patients 
with arterial hypei tension 

Oui results aie consistent with the hypothesis that i educed intiarenal pulse 
pressure, and not lenal ischemia, is a causal factoi in human hypei tension 

The Winthrop Chemical Company, Inc , supplied the diodrast 

ABSTRACT OF DISCUSSION 

Dr Harold Lamport, New York This paper is especially interesting because it shows 
the value of hemodynamic considerations in studying hypertension and the application to it 
of various therapies 

Biopsy of muscle may well become a useful adjunct to hemodynamic studies It is also 
likely that the total renal excretory mass may be a good measure of the prospectne useful- 
ness in individual cases of splanchmcectomy along with other therapies 

The role of the renal nerves is still not clear The observations of Smith’s group, and 
of Glaskell, as well as my own observations, have shown that in the kidney of the quadruped 
there is not a constant vasomotor tone However, whether this is true of man is not known, 
and it is possible that man, being a biped, is different, so that in him the renal nerves may 
be continuously functional The renal-li 3 'pertensive mechanism Dr Foa has suggested may 
foi that reason be of significance despite the negative animal experiments 

The speculation concerning the Relationship of the renal vasomotor nerves to the trans- 
mission of the pulse pressure through the blood vessels of the kidney is challenging While 
recognizing the intuitive appeal of Dr Foa’s \iew that preganglionic interruption of the 
renal nerves may improve nutrition of the kidney by increasing its internal pulse piessure, 
like Dr Foa I am aware that scientific proof of this hypothesis has not yet been forthcoming 
It must be remembered that when the blood pressure is much elevated in hypertension 
the pulse pressure is large, and when the blood pressure declines after successful therapy 
the systemic pulse pressure also diminishes Now, if at the same time that the pulse pressure 
falls systematically the renal arterioles dilate, there is an opposing factor On the one hand, 
the systemic pulse pressure is smaller, so that if the arterioles had remained constricted there 
should be a smaller internal pulse pressure in the kidneys But, on the other hand, the effect 
of arteriolar dilatation alone is to increase mtrarenal pulse pressure by improving trans- 
mission of systemic pulse pressure When we have two such opposing tendencies, it is 
impossible to evaluate them without a quantitative estimate of their relative sizes Unfor- 
tunately, I do not know of any pertinent data 

Dr Hugo A Freund, Detroit As clinicians we all agree that it is desirable to know as 
much as possible about the condition of a patient before subjecting lum to as serious and 
at times as devastating an operation as a splanchmcectomy or any of the other types of 
operation that have been advised in the various clinics in this countrj' 

Patients frequently ask, "Do you think an operation will benefit me?” Because of the 
favorable results that I have seen in a number of carefully selected cases, and particularly 
because Dr Foa has said that only SO per cent of his patients have shown favorable results, 
my associates and I have diligently searched for specific criteria which might form a better 
basis for selection of patients for operation m whom a favorable outcome might be expected 
It seems to me that the proper basis for the selection for operation of such patients would 
be an accurate knowledge of the pathologic state of the kidneys Functional tests of the 
kidneys, as all physicians know, may give fallacious evidence, and at times reaching a decision 
might be difficult 

About a year ago one of my associates, Dr Thomas Horan, began the investigation of 
the kidneys of animals by making biopsies and later noting what effect the removal of the 
tissue might have on the parenchyma of the kidney He first injected trypan blue into the 
animal and then took a small section out of the kidney at various periods following the vital 
staining He was able to show that various stages of renal destruction could be demon- 
strated, he also was able to prove that such removal of tissue for biopsy had no serious 
effect on the function of the kidney 

Following this, Dr Fred H Cole, of the Urology Department at Harper Hospital, and 
Dr Horan performed similar biopsy studies on a group of patients suffering from various 
types of nephritis and severe essential hypertension The specimen was removed with a 
specially devised instrument with which a small core, about 3 mm in diameter, could be 
safely taken from the kidney Histologic study of these specimens was most revealing 
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at the maigin of the ribs, it was firm but otherwise normal The gallbladder, the spleen 
and the kidneys were normal There was no evidence of free fluid in the abdomen The 
reflexes were normal The temperature was 98 4 F The weight was 110)4 pounds (50 Kg) 
Owing to the age of the patient and the absence of suggestive symptoms, a pelvic examina- 
tion was deferred 

The chemical survey of the blood with respect to sugar, urea nitrogen, uric acid and 
chlorides gave negative results The urine was normal There was marked secondary anemia 
Under the fluoroscope the heart was normal in size and position There was prominence of 
the aortic knob, suggesting sclerosis The right leaf of the diaphragm was judged to be 
adherent to the wall of the chest and moved little on inspiration The left leaf was normal 
in contour and mobility The pulmonary fields were relatively clear The hilar shadows 
were exaggerated with considerable calcification The electrocardiographic findings suggested 
a moderate degree of myocardial fibrosis Roentgenographic study of the entire gastrointes- 
tinal tract showed no abnormality 

Three months later, in July, there was considerable edema of both feet Clubbing of the 
fingers was noticed There was persistent anemia of the secondary type At this time the 



Fig 1 — Bilateral fibroma with attached ovaries 

signs of fluid at the base of the right lung were unequivocal The first thoracentesis at our 
hands produced 1,000 cc of clear straw-colored fluid The specific gravity was 1 021 A 
stained smear of the centrifugate showed a moderate number of red blood cells, 10 to 15 
small mononuclears per high power field, and a few large mononuclears No polymorpho- 
nuclear leukocytes were seen, nor cells containing mitoses Cultures showed no growth 
Guinea pig inoculations gave negative results During the following fourteen months nine 
aspirations, each of at least 1,000 cc , were performed Aspiration was done whenever 
dyspnea or thoracic discomfort and the physical signs of an appreciable amount of exudate 
demanded the procedure Careful observation of the temperature during this time revealed 
no fever 

At first it was thought that we were dealing with a tuberculous process, perhaps a late 
flaring up of a latent process spreading from the calcified hilar lymph nodes The absence 
of pam, of loss of weight and of other evidences of serious infection cast doubt on this 
preliminary impression 

Meanwhile a deferred pelvic examination revealed a tumor in the right side of the pelvis, 
about 3 inches (7 5 cm ) m diameter, freely movable between the hands and strongly sug- 
gestive of an ovarian enlargement At no time were there convincing signs of ascites At 
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The mysterious association of fibroma of the ovar) with hydiothorax has had 
infrequent notice m the literature of gynecology and none in that of internal 
medicine The eaihest recoided case seems to be that leported by Culhngworth 1 
m 1879 In 1906 Griffith and Williamson - stated that “solid ovanan tumors are 
often accompanied by hydroperitoneum and sometimes by hydrothorax , this 
phenomenon has at present received no adequate explanation ” In 1937 Meigs and 
Cass invited renewed attention to this syndrome Again, in 1939, Meigs 3 empha- 
sized its importance, collecting 15 cases from the literature, 6 from a single hospital 
This suggests that the condition is less rare than has been believed As such cases 
fall m that no man’s land between the internist and the specialist, the significance 
of the combined thoracic, abdominal and pelvic features may be disregarded The 
lesult of this is too often the denial of life-pi eserving suigical treatment because 
of an erroneous diagnosis of inoperable malignant tumor with widespread 
metastases 

The importance to the internist, as to the gynecologist, of keeping in mind the 
fact that a benign ovarian tumor may cause hydrothorax as well as ascites and 
that the simplest of laparotomies uniformly results in complete relief of the 
thoracic as well as of the abdominal features of the syndrome needs general 
recognition and emphasis 

REPORT Or A CASE 

This interesting, if limited, group was called to our attention by the case of a woman of 
75 years, a widow with a history of five normal pregnancies This patient had always been 
strong and well, without history of serious acute illness or of surgical operation Her hus- 
band died one year before the first consultation, which was on April 30, 1940 Following 
her bereavement, the patient did not feel well, suffering from weakness, palpitation, depres- 
sion and indifference to life She had no pain and no symptoms referable to the digestive 
or genitourinary tracts She noticed occasional edema of the ankles on effort but no loss m 
weight She stated that one and a half years before fluid had been aspirated from the right 
thoracic cavity She was a slight, pale woman, looking full}’' her age The pupils were 
normal The fundi revealed moderate arteriosclerotic changes The mouth and the nares 
showed no evidence of a focus of infection The thyioid gland was normal There was 
no enlargement of the superficial lymph nodes The heart was normal in size, position and 
sounds, without murmur The rate was 88 and regular, the blood pressure was 140 systolic 
and 90 diastolic The brachial vessels were thickened The breasts were normal Apart 
from emphysema and what was interpreted as pleural adhesions at the base of the right 
lung there were no signs of active disease m the chest The edge of the liver was just felt 

Presented before the Association of American Physicians, Atlantic City, N T May 6, 

1942 

1 Culhngworth, C J Fibromas of Both Ovaries, Tr Obst Soc London 21 276, 1879 

2 Griffith, W S A , and Williamson, H A System of Gynecology, London, Mac- 
millan & Co, 1906, p 442 

3 Meigs, J V Fibroma of Ovary, Ann Surg 110 731-754, 1939 A complete bibliog- 
raphy may be found m this contribution 
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color was ivory with occasional yellow to tan mottling Numerous dilated veins coursed 
over the surface The consistency throughout was firm In the region of the hilus there 
was a harder, more lobulated area which was continuous with a small remaining part of 
what looked like normal ovarian tissue The fallopian tube was normal in appearance The 
left ovary was much smaller in size, measuring 3 5 by 4 by 3 cm The hilus was very firm 
and nodular Projecting from this was a smoother, rounded swelling, similar in appearance 
to the tumor of the right ovary except that it was more uniform in color and had not the 
large veins coursing on the surface 

Microscopic Examination The two tumors were similar in microscopic appearance The 
surface was covered with a single layer of cuboidal epithelium which dipped down into deep 
clefts here and there Immediately under this epithelial layer were interlacing bands of 



Fig 3 — Microscopic section through the body of the tumor, showing typical fibroma 

connective tissue which had the general appearance of ovarian stroma In this were numerous 
corpora albicantia and corpora fibrosa Beneath this layer was the tumor proper, which 
consisted of interlacing bands of fibrous tissue with connective tissue cells and fibrils The 
cells were everywhere well formed and exhibited no tendency to rapid proliferation Cross 
sections of the fallopian tubes showed the usual folds of mucous membrane covered with a 
single layer of tall columnar epithelium, which is a normal appearance in the fallopian tubes 
of a woman of this age 

Pathologic Diagnosis Bilateral fibroma of the ovary 

Subsequent Course — Convalescence was uninterrupted The last aspiration of the chest 
was done two days before the laparotomy, 1,100 cc of fluid being removed, with a small 
residue remaining Postoperatively,' the signs of remaining fluid cleared within a week 
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this time, because of the obvious enlargement and firmness of the liver, with local discom- 
fort, the possibility of cancer came to the fore Rejecting this diagnosis because of the 
lack of progressive features, we were led to the consideration of Meigs’s syndrome Removal 
of the ovarian tumor was advised Owing to the patient’s advanced age and the hesitancy 
of the family, this was postponed for some months, during which the right side of the chest 
was aspirated repeatedly Finally, on Feb 16, 1942, laparotomy was performed by one of 
us (B P W) 

Opeiahon — With the patient under anesthesia induced by intravenous instillation of a 
solution of pentothal sodium, the bladder was catheterized and the abdomen prepared and 
i draped Through a midline incision between the pubes and the umbilicus, the peritoneal 



Fig 2 — Microscopic section through the surface of the mass, showing ovarian tissue 

cavity was opened, 200 to 300 cc of clear yellowish fluid was aspirated The large tumor 
was found to involve the right ovary, which had a narrow pedicle The left ovary was the 
seat of a smaller tumor and also had a narrow pedicle Both pedicles were clamped and 
the ovaries removed The pedicles were overstitched with fine catgut The uterus con- 
tained several small subserous fibroid tumors which were not removed Palpation of the 
liver revealed slight enlargement but no induration m the substance or on the surface 
There were no other intrapentoneal pathologic findings The abdominal wound was closed 
in the usual way and healed well The patient had an afebrile convalescence and was 
discharged from the hospital two and a half weeks after healing of the wound 

Pathologic Observations — The specimen consisted of the right ovary and tube and the 
left ovary and tube 

Macroscopic Examination The right ovary was round to ovoid and measured 13 by 9 5 
by 9 cm The surface for the most part was smooth with one or two indentations, the 
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patient was still anemic, the improvement m strength and her feeling of well-being were 
notable, suggesting the removal of some toxin-forming agent Of interest and of possible 
importance was the postoperative change in the liver This organ, previously large and firm, 
diminished in size and in hardness, leturnmg to a seemingly normal status within six weeks 
This is an item which merits further study in future cases 

ANALYSIS OF REPORTED CASES 

In 1939 Meigs collected 15 cases fiom the liteiature since the fiist report of 
Cullingworth in 1879 The salient statistical points of these together with the case 
reported here may be given 

The exti ernes of age were 33 and 75 Our patient was by far the oldest on 
lecord The average age was 51 Ten patients were married, 4 weie single, the 
status of 2 was uni ecoi ded Seven of the patients had children , 5 were childless , 
no data m this respect were recorded for 4 In 3 patients the tumor was bilateral , 
m the lest, equally divided between the right and the left ovary In 11 patients 
the effusion in the chest was on the right, m 3, on the left, m 1, bilateial, for 1 
the side was not recorded Three patients had no thoracentesis, 3 had but one, 3 
had three, 1, four, 2, five, 1, seven, our own patient had 11, while for 2 there were 
“tepeated” aspirations Abdominal paracentesis was not required m 10 patients, 
4 had but one, 1 was tapped four times, and 1 nine times Ascites, therefoie, seems 
less of a feature than hydrothorax 

At opeiation the amount of fluid in the peritoneal space varied from a small 
amount to 6 to 8 quaits (5 5 to 7 5 liters) In most cases it was less than 1,000 cc 
The duration of symptoms was comparatively short in the average case In all 
cases both the thoracic and the abdominal fluid vanished postoperatively There 
was one death with necropsy No pathologic changes m the pleura were described 
The only abnormal finding in the chest was compiession of the lung from long- 
standing and apparently neglected hydrothorax 

Thus fai there has been no satisfactory explanation of the association of ovanan 
fibroma with hydrothorax and ascites The possibility of an abnormal communi- 
cation between the two serous cavities may be dismissed, since the amount of fluid 
in one cavity is not influenced by removal of fluid from the other That a low level 
of serum piotem is concerned seems unlikely In the 2 cases in which the serum 
proteins were estimated no impoitant variation from the normal was found Again, 
if accumulations of fluid in the serous cavities were a result of diminution m serum 
proteins, edema of the subcutaneous tissues should be present Although noted m 
our case, it was slight and transitory, while m most reported cases it was not 
observed 

Meigs mentioned the so-called “alarm reaction” of St Kaiady, Brown and 
Selye In rats these observers found that repeated, even minor traumas — physical 
or chemical — cause a resistance to be built up which lasts two or three months 
With continuing action of the noxious agents, the animals lose then resistance 
and show decline m the output of urine, retention of water and at times collection 
of fluid m the pleural and peritoneal cavities shortly before death from toxicosis 
or shock This being granted, it is difficult to understand why other ovanan tumors 
generally fail to give rise to hydrothorax 4 For the present one must be content 
with the general statement that an ovarian fibroma m some manner wholly unknown 

4 Rarely other pelvic tumors give rise to hydrothorax An example is found in the 
case of Salmon m which a large uterine fibroid with intraligamentous extension and follicular 
cysts of the ovaries was present with 300 cc of fluid in the peritoneum and 700 cc of bloody 
fluid in the chest After removal of the tumor growths there was no recurrence of the 
hydrothorax 
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There has been no recurrence of pleural fluid Several subsequent fluoroscopic and roent- 
genographic studies of the chest, the last on April 29, 1942, disclosed no trace of pleural 
exudate The costophremc sinus on the right, the previously affected side, was altogether 



Fig 4 — Roentgenograms A , the chest before aspiration, showing right hydrothoiax 
B, the chest after aspiration, showing residue of fluid before laparotomy C, the chest ten 
weeks after removal of the fibromas 

clear The right leaf of the diaphragm descended normally on inspiration, as did the left 
A slight increase in densitiy of the lower lobe of the right lung may be interpreted as the 
result of repeated and long-continued compression from pleural exudate Although the 



INCIDENCE AND CAUSES OF HYPERPROTEINEMIA 

A STUDY OF 4,390 CASES 
LEONARD CARDON, MD 

Attending Physician, Cook County Hospital, and Associate Attending Physician, 

Mount Sinai Hospital 

AND 

DONALD H ATLAS, MD, PhD^ 

Associate Attending Physician, Cook County Hospital 

Assisted by Matthew J Brunner, M D , Edward Aron, M D , 
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CHICAGO 

We had observed 2 cases of relatively common diseases associated with 
byperprotememia (a case of subacute bacterial endocarditis and a case of cirrhosis 
and primary carcinoma of the liver) 1 The simultaneous presence of 2 patients 
with the supposedly rare condition of hyperprotememia, lying side by side, 
m a small (200 bed) semiprivate hospital prompted a study of the incidence and the 
causes of this condition in our climate and locality This communication presents 
the results of a clmical-experimental investigation of this subject m a larger senes 
of patients than has hitherto been reported 

LITERATURE 

Jeghers and Selesmck, 2 summarizing the determinations of total plasma protein 
made by the clinical laboratories of the Boston City Hospital, leported that the 
incidence of total protein over 8 Gm per hundred cubic centimeters was 0 2 per 
cent of 557 determinations in 1934, 1 19 per cent of 526 determinations in 1935 and 
2 4 per cent in 1936 These figuies were compared with those for total protein less 
than 6 Gm per hundred cubic centimeters m the same series of cases, 69 5 pei 
cent, 56 4 per cent and 49 2 per cent, respectively The increased incidence of high 
protein values in 1935 and 1936 reflected a greater number of blood protein deteimi- 
nations made specifically for hyperprotememia in patients in whom multiple 
myeloma (a disease m which hyperprotememia is common) was suspected This 
series represents determinations presumably made only when abnormal levels of 
blood protein were suspected and as such may not piesent a true general incidence 
Shuman and Jeghers 3 m a single medical service m the Boston City Hospital 
during April and May of 1939 found, m 320 successive determinations of blood 

* Formerly Josiah Macy Jr Fellow in Medicine 

This investigation was aided by a grant from the Josiah Macy Jr Research Foundation 

Chick embryo antigen (Lygranum) for the Frei test was furnished by E R Squibb &. Sons 
Biological Laboratories 

From the department of medicine of the Northwestern University Medical School, the 
Cook County Hospital, the Robert B Preble Memorial Laboratory and the Mount Sinai 
Hospital 

1 Cardon, L , and others To be published 

2 Jeghers, H , and Selesmck, S Hyperprotememia Its Significance, Internat Clin 3 
248-279 (Sept) 1937 

3 Shuman, H H , and Jeghers, H Value of Routine Blood-Protein Determinations 
New England J Med 222 335-339 (Feb 29) 1940 
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increases the permeability of the pleuia Whether reflexively, by the production 
of toxins that circulate with the blood, by allergic effects or by hoimonal influence 
is altogether a matter of speculation 


SUMMARY 

Sixteen cases are on lecoid of the association of hydrothoiax and ovarian 
fibroma Such cases probably aie moie common than appeals Because they fall 
within two fields — internal medicine and gynecology — many are unrecognized 01 
diagnosed erroneously as malignant tumor with metastases 

The cause of the association of ovanan fibioma and hydiothorax is quite 
unknown 

Removal of the fibioma results in complete and permanent cure of the hydro- 
thorax 

Heretofore recognized, at least in medical writings, only by the gynecologist 
this syndrome should be considered by the internist in every case in which hydro- 
thorax is encountered in a woman beyond the age of 30 This is especially needful 
if recurrent hydrothorax is not attended by feter, cachexia 01 loss of v eight 

16 East Ninetieth Street 

16 East Ninetieth Street 

180 Fort Washington Avenue 
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As described by other woikers, the increase in total protein concentration in 
our instances of “true” hypeiproteinemia was found to be con elated with an increase 
in globulin concenti ation and usually with a concomitant decrease in albumin 
concentration 

COMMENT 

Several major difficulties aiose in the classification of our cases We weie first 
faced with the unsettled pioblem of eliminating hemoconcentration as the cause 
of inci eased concenti ation of seium piotems Hemoconcenti ation 7 resulting from 
shock, venous stasis or dehydration has been given as one of the commonest causes 
of (apparent) hyperprotememia A study of the literature leveals that in many 
of the cases of hypeiproteinemia leported these factors weie not sufficiently taken 
into consideration This fact may in pait account foi the wide variety of clinical 
conditions with hypeiproteinemia hitheito leported It is geneially known that the 
state of hydration cannot be detei mined clinically with any degree of certainty 
The usual clinical signs and symptoms may not become manifest until 6 pei cent 
or more of the body weight m water has been lost The exact amount of fluid 
that must be lost to pioduce appaient changes in the concenti ation of the blood is 
not yet known According to the concept of Gamble, 8 the mtei stitial fluid, which 
is thiee times the volume of the plasma, serves as a leservoir to maintain the fluid 
and electrolyte balance of the cn culatmg blood Schiff 9 regarded the dehydration 
of the plasma and that of the interstitial tissues as lunmng parallel, and Gregerson 
and Stewait 10 stated that woik now m progiess m then laboratories pioves the 
volume of plasma is not independent of the quantity of interstitial fluid even with 
moderate changes in the total volume of exti acellular fluid We were intei ested 
m the state of hydi ation only as it affected the hydration of the blood A patient 
may have a consideiable increase in the total amount of available fluids with 
generalized edema, as in nephrosis, and yet manifest hemoconcentration 

The laboratory methods recently developed to determine the state of hydration 
aie also fraught with misleading factors Red blood cell and hematocrit determina- 
tions are of value only m the absence of anemia or polycythemia Determinations 
of specific gravity and total serum protein must be discounted in the presence of 
pathologic conditions known to be associated with hypoprotememia or hyperpro- 
tememia In chronic states of prolonged dehydration, the red blood cell count 
and the serum protein value tend to fall as a result of destruction of the red blood 
cells and serum proteins 11 Since depletion of sodium is a significant factor in 
dehydi ation, it has been thought that the water loss can be computed from the 
sodium concentration in the blood plasma However, Simeone and Sarns 12 stated 
that the total base of the blood plasma may remain normal m the presence of 
moderately severe dehydration if renal function is unimpaired Nevertheless, low 
serum sodium may be definite evidence of dehydration The determination of 

7 Mandelbaum, H Syndrome of Hemoconcentration, Internat Clin 2 112-142 (June) 

1936 

8 Gamble, J L ( Extracellular Fluid, Bull Johns Hopkins Hosp 61 151-173 (Sept) 1937 

9 Schiff, E Das Exiccoseproblem, Ergebn d inn Med u Kinderh 35 519-603, 1929 , 
Kim Wchnschr 8 1105-1109 (June 11) 1929 

10 Gregerson, M I , and Stewart, J D Simultaneous Determination of Plasma Volume 
with T-1824 and “Available Fluid” Volume with Sodium Thiocyanate, Am J Physiol 125 
142-152 (Jan) 1939 

11 Best, C H, and Taylor, N B The Physiological Bases of Medical Practice A Uni- 
versity of Toronto Text in Applied Physiology, ed 2, Baltimore, Williams & Wilkins Company, 
1939, p 32 

12 Simeone, F A , and Sarns, S P Simple Method for Determination of Serum Protein 
J Lab & Clin Med 26 1046-1052 (March) 1941 
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proteins by the Kagan falling chop method, only 1 instance of hypeiprotememia (m 
a case of multiple myeloma) Bmg 4 found 7 hyperglobulmemic serums (as deter- 
mined by routine formaldehyde-gel tests [“formal”-geI tests] ) among 3,697 serums 
examined He concluded that in Denmaik hyperglobuhnemia is usually found only 
m patients with multiple myeloma or chronic infections None of these series 
represents random sampling from all patients admitted to a hospital 

MATERIALS AND PROCEDURE 

The recent introduction of the falling drop method has made possible routine, rapid and 
accurate determination of the total serum protein concentration on a large number of serums 
To obtain patients with hyperproteinemia for detailed study, and to determine the incidence 
of this condition and the pathologic states associated with it, total protein was determined by 
the Kagan falling drop method 5 6 on 4,370 serums submitted to the department of serology 
of the Cook County Hospital for routine Kahn and Wassermann tests This was done by the 
method of random sampling but did not include serum samples from the three diwsions of 
the hospital that for tuberculous patients, that for patients with contagious diseases and the 
pediatrics division The number of patients admitted to these three departments constitute- 
only 20 per cent of the total number admitted More than half of the patients with tuber- 
culosis are admitted first to the general hospital and consequently are included in this survey 
When a high level of total protein was discovered by the falling drop method, a fresh 
specimen was obtained from the patient for chemical determination of the concentrations of 
total protein, albumin and globulin and special tests as indicated in table 1 While we had 
no control over the technic of obtaining the original samples which were sent to the serologic 
laboratory, all subsequent samples of blood drawn by us were obtained with a minimum of 
venous stasis It has been shown by Rowe 0 and others that the venous stasis produced by the 
application of a tourniquet for even a few minutes may result in an increase of serum proteins 
in the constricted extremity due to a transfer of water from blood to the tissues 

The frequency of lymphogranuloma venereum in the Cook County Hospital made it advisable 
to do the Frei test whenever possible This test alone when positive may disclose the true 
cause of hyperproteinemia which might be otherwise attributed to another condition In any 
case in which the Frei test was not performed, the absence of lymphogranuloma venereum 
could not be assumed with certainty 

RESULTS 

Fifty -four cases in which the value for total serum protein was above 8 5 Gnu 
per hundred cubic centimeters were found in the examination of the serums of 
4,370 patients by the falling drop method, giving an incidence of hyperproteinemia. 
of 1 2 per cent Of this series, obtained by random sampling, only 18 cases could 
be studied adequately Seventeen additional cases in which hyperproteinemia had 
been noted were called to our attention by staff members of the hospital, and 3 
cases were added from our private practice, making a total of 38 cases studied 
adequately Our special interest in the lelationship of hyperproteinemia to disease 
of the liver was known to our colleagues and explains the greater number of cases 
of hepatic disease referred to us 

In table 1 all of the pathologic conditions noted m each patient are given. 
Where one pathologic condition known to be a fiequent cause of hyperproteinemia 
was found, we assumed that it was the mam or only cause in that particular case 
The conditions that were found to be associated with hyperproteinemia, listed in 
table 1, are summarized and classified in table 2 

4 Bing, J Formolgel Reaction and Other Globulin Reactions, Acta med Scandinav 91 
336-356, 1937, Hospitalstid 80 113-128 (Feb 2) 1937 

5 Kagan, B M Simple Method for the Estimation of Total Protein Content of Plasma 
and Serum Falling Drop Method for the Determination of Specific Gravity, J Clin Investi- 
gation 17 369-372 (July) 1938 

6 Rowe, A H Effect of Venous Stasis on the Proteins of Human Blood Serum, J Lab 
& Clin Med 1 485-489, 1915 
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Table 1 — Findings in Thirty-Fight Cases in Which Hypetprotemenua Was Piesent + — Continued 
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may even drop to normal at times 1 Therefore, if a serum sample was obtained at a 
time when the protein concentration was temporarily normal, a case of hyperpro- 
tememia might have been overlooked The number of cases thus overlooked was, 
no doubt, small 

Still another difficulty was the frequency of cases m which multiple pathologic 
conditions occurred in the same patient As previously mentioned, when one 
pathologic condition known to be a frequent cause of hyperprotemenna was found 
we assumed that this was the mam or only cause m that particular patient 

In general, our findings confirm the obseivations of other workers 

Hyperglobuhnemia occurs m some types of hepatic disease, especially cirrhosis 
In the past it was commonly accepted that the change m the blood protein in 
cirihosis consisted of diminution of the total protein concentration Recently 
various authors have demonstrated a rise in serum globulin in some cases of hepatic 
cmhosis Published values as a rule revealed sufficient concomitant lowering of 
the serum albumin to maintain the total protein of a normal or even a lowei than 
normal level, a situation not usually found in other diseases associated with hypei- 
globuhnemia, m which hyperprotememia usually lesulted Thus Gutman and 
Wise 14 found globulin values of 6 0, 5 6 and 5 0 Gm per hundred cubic centimeteis 
with corresponding total protein values of 8 4, 7 4, and 7 2 Gm in 3 cases of 
cirihosis Peters and Eisenman, 15 in a series of cases, found the globulin above oi 
in the upper range of normal in every case but 1 They stated “m cirrhosis of the 
liver globulin may rise far above the noi mal level ” They cited other observei s 
who had reported hyperglobuhnemia in hepatic cirrhosis, and one who produced it 
by inducing experimental injury of the liver Foley, Keeton and others 10 stated 
“an increase in plasma globulin and a decrease m plasma albumin are associated 
not infrequently with chronic hepatic disease, particularly with cirrhosis of the 
liver ” 

Our series of 9 cases of hepatic disease includes 6 cases of hepatic cirrhosis, 1 of 
cirihosis with a superimposed primary carcinoma of the liver, 1 of acute hepatitis 
m a patient with alcoholism in whom underlying cirrhosis or fatty liver could not 
be excluded, and 1 case of acute catarrhal jaundice in a young man It seems, then, 
that hyperglobuhnemia (and hyperprotememia) may also occur m some cases of 
acute hepatic disease In all of these cases the total protein was elevated, ranging 
between 8 0 and 13 4 Gm per hundred cubic centimeters We can give no leason 
for the occurrence of hyperprotememia and hyperglobuhnemia m some instances of 
certain types of hepatic disease and not in others 

The common association of hyperprotememia with lymphogranuloma veneieum 
was demonstrated by the extensive pioneer studies of Gutman and his co-workers 17 
In 26 of the 35 cases they studied the total protein values were above 8 0 Gm 

14 Gutman, A B , and Wise, C R Positive Formol-Gel Reactions Associated with 
Hyperglobuhnemia in Lymphogranuloma Inguinale, Multiple Myeloma, and Hepatic Cirrhosis, 
Proc Soc Exper Biol & Med 35 124-128 (Oct) 1936 

15 Peters, J P , and Eisenman, A. J Serum Proteins in Diseases Not Primarily Affecting 
the Cardiovascular System or Kidneys, Am J M Sc 186 808-833 (Dec ) 1933 

16 Foley, E F , Keeton, R W , Kendrick, A B , and Darling, D Alterations of Serum 
Protein as an Index of Hepatic Failure, Arch Int Med 60 *64-76 (July) 1937 

17 Gutman, A B , and Gutman, E B Calcium Protein Relation in Hyperprotememia 
Total and Diffusible Calcium m Lymphogranuloma Inguinale and Myeloma, Proc Soc Exper 
Biol & Med 35.511-515 (Dec) 1936 Gutman, A B , Gutman, E B , Jillson, R, and 
Williams, R D Acid-Base Equivalence of the Blood in Diseases Associated with Hyper- 
globuhnemia with Special Reference to Lymphogranuloma Inguinale and Multiple Myeloma 
J Clin Investigation 15 475-484 (Sept) 1936 Gutman and Wise 14 
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blood volume by the dye methods and the computation of total available fluids b\ 
the thiocyanate or sucrose methods weie too elaborate and time consuming foi 
our work The McClure-Aldnch mtradei trial wheal absorption test has not been 
proved to be a sufficiently sensitive index of the state of hydration The opinion 
lias been voiced that a patient is not dehydrated when the urinary output is 
adequate This concept is not entirely conect, for it is known that in the presence 
of tubular damage the reabsorption of water is impaired and a large amount of 
dilute urine may be excreted even when the patient is dehydrated Moreover, this 
type of renal damage, by its failure to conserve water and fixed base, may be a 
factor in the pioduction of dehydiation 

The pictuie is fuither complicated by the demonstiation of Nadal and co- 
workers 13 that two distinct types of dehydration may occur m human subjects 


Table 2 — Classification of Thu ty-Exght Cases of Hypet protcmemta (Smnmaiy of Table 1) 



Number of 

Oases of 

Number of 


Cases in 

Each Type of 

Each Case in 

Condition 

Group 

Disease 

Table 1 

Hepatic disease 

Cirrhosis 

0 

C 

1,2,3, 5 Gand i 
8 

Cirrhosis with primary carcinoma of ihcr 


1 

Acute hepatitis 


1 

4 

Catarrhal jaundice 


1 

9 

Lymphogranuloma venereum 

c 


10, 11, 12, lo, 14 

Chronic suppurative infections 

Calculous pyelonephritis 

4 

1 

1G 

Calculous pyonephrosis 


1 

17 

Pelvic cellulitis 


l 

18 

Moist gangrene of leg with diabetes mellitus 


l 

19 

Acute infections 

Scarlet fever 

4 

O 

20,21 

Erysipelas 


l 

22 

Acute pyelonephritis 


i 

23 

Tuberculosis 

Pulmonary, with tuberculous peritonitis 

o 

l 

24 

Pulmonary 


i 

25 

Bacterial endocarditis 

0 


2G, 27 

Malaria 

i 


2S 

Syphilis (with hepatitis) 

i 


29 

Multiple myeloma 

i 


30 

Boeck’s sarcoid 

i 


31 

Extreme dehydration 

Prom vomiting and diarrhea 

2 

l 

32 

Prom diabetic coma 


1 

33 

Miscellaneous conditions 

Generalized adenopathy (cause undiagnosed) 

c 

2 

34,35 

Alcoholism with mental deterioration 


1 

36 

Nonspecific ulcer of scrotum 


1 

37 

Transverse myelitis (cause unknown) 


1 

3S 


They showed that dehydiation resulting fiom simple deprivation of water is 
characterized by thirst and oliguria, and does not lead to impairment of circulation 
or to hemoconcentration, whereas dehydration resulting from abnormal loss of 
salt results mainly m loss of extracellular fluid, reduction of plasma volume, 
hemoconcentration and disturbances of the circulation 

Thus, it is apparent that objective determination of the state of hydration was 
impossible in most of our cases Our intei pretation of the state of hydration rested 
on clinical observations (vomiting, diarihea, sweating, deprivation of water, thnst, 
dryness of mucous membranes, loss of turgor of tissue, oliguria) and on judicious 
evaluations, under the limitations mentioned, of the laboratory data listed under 
“Dehydration” in table 1 

Another difficulty that arose when we were interpreting our results was the 
fact that m hyperprotememic states the blood protein levels may fluctuate daily and 

13 Nadal, J W , Pedersen, S, and Maddock, W G Comparison Between Dehydration 
from Salt Loss and from Water Deprivation, J Clm Investigation 20 691-703 (Nov ) 1941 
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tion is definitely increased while the total protein remains about normal ” Lloyd 
and Paul 23 m 1928 wrote “it has of course been known for a long time that the 
globulins in syphilitic serum are increased ” He studied 11 cases of secondaiy 
syphilis, all but 3 of which had values for globulin above 3 0 Gm per hundred 
cubic centimeters but only 1 of which had a total protein value above 80 Gm 
Wu 24 leported 2 cases of syphilis with hyperprotememia Recently the occurrence 
of hyperglobuhnemia and hyperprotememia m uncomplicated syphilis has been 
questioned, and as demonstrated by Jones and Rome, 15 may be due to the con- 
comitant presence of lymphogranuloma veneieum The latter workers did not 
find marked increase in serum globulin m patients with syphilis except in those 
who also had a positive Frei test Unfortunately, the Frei test was not done in 
cur single case of syphilis 

The interpretation of the positive serologic reactions m 8 other cases in this 
table and the relation of hyperprotememia to the false serologic reaction for syphilis 
and the anticomplementary Wassermann reaction constitute the subject of another 
report 25 

Salvesen 26 repoited 3 cases of Boeck’s sarcoid with hypei protememia One 

case of sarcoid is reported m this work 

Only 1 instance of multiple myeloma occurred in our series This no doubt merely 
reflects the rarity of the condition, since hyperprotememia and hyperglobuhnemia 
occur with great frequency m cases of this disease Sweigert 27 cited 35 cases of 
multiple myeloma in which the blood proteins were determined, m 20 the values 
were over 8 0 Gm per hundred cubic centimeters Gutman and Gutman 17 in 1936 
cited among 57 published cases of multiple myeloma 35 with hyperprotememia 
Bmg 20 added 14 cases of multiple myeloma with hyperglobuhnemia These studies 
show that hyperprotememia probably occurs in from 50 to 60 per cent of cases of 
multiple myeloma According to Jeghers and Selesniclc it is of greater aid in the 
diagnosis of this condition than Bence Jones proteinuria The highest total protein 
values on record (up to 16 0 Gm per hundred cubic centimeters) have been reported 
with this disease 

In the miscellaneous group m our series are 2 cases of undiagnosed generalized 
lymphadenopathy The clinical pictures in these patients were compatible with 
infectious mononucleosis in spite of negative heterophilic agglutination tests One 
case of transverse myelitis of unknown cause is repoited Permission for an 
autopsy could not be obtained In this connection Bmg and his collaborators 
leported 3 cases of a syndrome which apparently had never been published before 
“sepsis lenta with considerable involvement of the central nervous system and 
changes in the spinal fluid ” 

There were 2 cases m our series in which the hyperprotememia was clearly due 
to dehydration alone One of the patients was a 56 year old Negro woman admitted 
to the hospital m diabetic coma The total protein on admission was 9 0 Gm per 

23 Lloyd, R B , and Paul, S N Protein Graphs m Kala-Azar, Indian J M Research 
16 529-535 (Oct) 1928 

24 Wu, H New Colorimetric Method for Determination of Plasma Proteins J Biol 
Chem 51 33-39 (March) 1922 

25 Cardon, L , and Atlas, O H , with others Biologic False Positive Reactions for Syphilis 
Associated with Hyperprotememia A Preliminary Report, Arch Dermat & Svph 46 713-720 
(Nov) 1942 

26 Salvesen, H A Sarcoid of Boeck Disease of Importance to Internal Medicine, 
Acta med Scandmav 86 127-151, 1935 

27 Sweigert, C F Multiple Myeloma with Hyperprotememia, Am J M Sc 190 245- 
256 (Aug) 1935 
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pei bundled cubic centimeteis, 112 Gm being the highest value leached The 
hypeiprotememia m then senes was moie maiked in cases of lectal stricture 
Jones and Rome 1S studied 79 patients with lymphogianuloma veneieum, the 
majority of whom had total piotem values above 8 0 The mean total protein 
value was S 55, and the highest value obtained was 13 33 Gm per hundred cubic 
centimetei s Schamberg 10 studied the course of the plasma protein changes in 20 
Negroes with eaily lymphogranuloma veneieum tieated with sulfanilamide All of 
his patients presented initially hyperglobuhnemia, the globulin reverting toward the 
normal level as clinical impiovement was manifest Seventeen of the 20 patients 
m his series had total protein values above 8 0 Gm at one time oi another during 
the course of their disease Jeghers and Selesmck 2 stated that since this disease 
is now known to be common in this countiy, it must always be considered when 
high blood piotem is found, and excluded by the Frei test Conveisely, all persons 
with inguinal adenitis oi lectal stucture should have blood protein deteimmations 
as part of their diagnostic study The highest total protein value in our senes of 
6 cases of lymphogranuloma venereum was 1 1 44 Gm per hundred cubic centi- 
metei s and the highest globulin value 7 66 Gm 

Hyperglobuhnemia and occasionally hyperpioteinemia have been reported with 
vanous and usually chronic infections Schambeig 10 stated that “hyperglobuhnemia 
of greater or less extent occurs in most infectious diseases ” Bing 20 stated that 
“the most frequent cause of hypeiglobulinemia is an infection, and the increase of 
serum globulin has been placed in connection with the formation of antibodies, it 
having been shown that the function of antibodies is associated with the globulins ” 
He stated furthei that “the hyperglobuhnemia that occurs with the ordinary acute 
infections is only slight in most cases” and “in only rare cases is the increase of 
globulin so great that one can speak of hyperprotememia as well on the other 
hand, in chronic specific or nonspecific infections it is more often the case that 
hyperglobuhnemia is so excessive that it leads to hyperprotememia ” 

The cases of acute infection with hyperpioteinemia in our series include 2 of 
scarlet fever, 1 of erysipelas and 1 of acute pyelonephritis 

The cases of chronic infection listed m our series include instance of vanous- 
types of tubeiculosis which have often been lepoited with hyperpi oteinenna and 
hyperglobuhnemia Kurten, 21 using the formaldehyde-gel test as an index of 
hyperglobuhnemia, obtained a positive result in 60 to 80 pei cent of cases of sub- 
acute bacterial endocarditis Jeghers and Selesmck suggested that this disease 
will eventually be included in the group of diseases in which hyperprotememia is 
common Gutman included a case of this disease with high total protein and 
globulin values Hyperprotememia and hypeiglobulinemia have been repoited in 
cases of malaria Chronic suppurative infections are conspicuous as a cause of 
hyperprotememia in our series 

It was the opinion of earlier woikers that syphilis pioduces an increase m glo- 
bulin and total protein Rowe 22 m 1916 stated that "m syphilis the globulin fiac- 

18 Jones, C A , and Rome, H P Serum Proteins, Takata-Ara Reaction, and Liver 
Function Tests m Lymphogranuloma Venereum, Am J Clin Path 9 421-436 (July) 1939 

19 Schamberg, J L Course of the Plasma Protein Changes in Early Lymphopathia 
Venereum Under Treatment with Sulfanilamide, Am J M Sc 201 67-81 (Jan ) 1941 

20 Bing, J Further Investigations on Hyperglobuhnemia (Occurrence and Degree of 
Hyperglobuhnemia in Various Diseases Ratio Between Hyperglobuhnemia, Hyperprotememia 
and Hypoalbuhnemia , Formolgel-Reaction), Acta med Scandinav 103 547-564, 1940 

21 Kurten, H Zur Diagnose der Endocarditis lenta, Ztschr f d ges exper Med 61 - 
494, 1928 

22 Rowe, A H Albumin and Globulin Content of Human Blood Serum, Arch Int Med 
18 455-473 (Oct ) 1916 
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Kui ten’s leaction) has been shown to be positive usually under the same conditions 
that produce a positive Takata-Ara reaction, and consequently it has been used as 
a simple method of detecting hyperprotememia and hyperglobulmemia The 
leaction depends on the formation of a gel when 36 pei cent neutial solution of 
formaldehyde is added to blood sei um Bmg 20 and others have shown that the 
leaction is positive whenever the globulin concentration is above 3 5 Gm pei 
hundred cubic centimeters Hassan and Salah 30 made a comparative study of the 
tormaldehyde-gel and Takata-Ara leactions in relation to serum piotems In 85 
per cent of 600 serums examined there was similiarity between the results of the 
two tests They concluded that a strongly positive foimaldehyde-gel leaction is 
always associated with hyperglobulmemia (usually euglobuhnemia) and that such 
sei urns contain 4 per cent or more of globulin The reaction cannot be applied as an 
absolute quantitative method for determining the degree of hyperglobulmemia but 
because of its simplicity and reliability can be used routinely to detect the presence 
ot hyperglobulmemia 

Twenty-eight Takata-Ara tests and 30 formaldehyde-gel tests done m 20 of our 
cases of hyperprotememia were positive regardless of the clinical condition causing 
the hyperprotememia In only 2 instances was there disagreement between the two 
tests Of the 20 instances m which the values foi the globulin fraction were avail- 
able the lowest concenti ation of globulin to give a positive Takata-Ara or formal- 
dehyde-gel test was 3 5 Gm pei hundied cubic centimeters These results also 
substantiate the observations of other workers that the formaldehyde-gel and Takata- 
Ara reactions are not specific for any particular diseases but are positive in any 
condition producing an increased concentration of globulin above 3 5 Gm per 
hundred cubic centimeters The correlation of these two tests in conditions of 
hyperprotememia shows that they aie practically interchangeable, and since the 
tormaldehyde-gel reaction is of gi eater simplicity, it may be conveniently substituted 
for the Takata-Ara reaction m detecting hyperglobulmemia 

(c) Increased Sedimentation Rate The exact underlying mechanism of the 
increased rate of sedimentation of the red blood cells in various pathologic con- 
ditions is not as yet known although the literature on the subject is voluminous 
Moreover, m spite of these extensive investigations, the present day knowledge of 
the exact cause of the increased rate is not much greatei than the mfoimation 
contained in the pioneer work of Fahraeus 31 He stated that although there was no 
con elation between the sedimentation rate and the concentration of total plasma 
pi otem, an increased concentration of globulin and of fibrinogen frequently occurred 
coincidentally with increased sinking velocity He did not believe, however, that 
theie was a direct relation of cause and effect Ropes and his associates 32 con- 
cluded that there is not a quantitative con elation between the sedimentation rate 
and the concentration of fibrin, globulin or total protein It has been frequently 
observed that hyperprotememia is almost invariably associated with a markedly 
increased sedimentation rate even m the absence of fever or infection In fact, 
some of the most rapid sedimentation rates on record have been associated with 
hyperprotememia Bendien and Snappei 33 stated that the following empiric 

30 Hassan, A , and Salah, M Comparative Study of Formol-Gel and Takata-Ara 

Reactions in Relation to Serum Proteins, J Trop Med 42 169-174 (June 15) 1939 

31 Fahraeus, R Suspension Stability of Blood, Physiol Rev 9 241-274 (April) 1929 

32 Ropes, M W , Rossmeisl, E , and Bauer, W Relationship Between Erythrocyte 
Sedimentation Rate and Plasma Proteins, J Chn Investigation 18 791-798 (Nov ) 1939 

33 Bendien, W M , and Snapper, I Zusammenhang zwischen der Senkungsgeschwindig- 
keit der roten Blutkorperchen und dem Eiweisspektrum, Biochem Ztschr 235 14-34, 1931 
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hundred cubic centimeters, of which 6 25 Gm was albumin and 2 75 Gm globulin 
(noimal albumin-globulin ratio) 

The other patient, a Negro man 50 yeais of age, gave a history of vomiting, 
diarrhea and little intake of food or fluid for a penod of a week The initial level 
of the total seium piotem was 13 7 Gm pei hundied cubic centimeteis Five days 
later, aftei the patient had been hydrated, the level of the total serum piotem 
l eturned to 7 0 Gm pei hundred cubic centimeters Unfortunately, the levels of 
albumin and globulin were not detei mined 

Attempts to obtain other similai cases by examining the blood of patients that 
appealed clinically dehydrated were disappointing in that normal values for total 
protein weie usually obtained even in seveial other cases of diabetic coma The 
leasons for this may be twofold First, the degree of dehydration necessary to pro- 
duce hemoconcentiation may be moie extreme than is commonly thought, and. 
second, the usual indigent type of patient admitted to the Cook County Hospital 
fiequently suffers from anemia and nutritional h>poproteinemia Howevei, in 8 of 
the 38 cases in this study, dehydration as manifested by clinical and laboratory signs 
was considered to conti lbute to the hyperproteinemia present 

Special Tests — (a) Takata-Ara Reaction The extensive and conflicting litera- 
tuie available concerning this recently popularized test was carefully reviewed and 
evaluated by Magath 28 It has been genei ally thought that the test is positive m 
any case of disease associated with elevation of the serum globulin above 3 Gm 
per hundred cubic centimeters and a leversal of the albumin-globulin ratio 
Magath, however, cited as many observers who denied this l elationship as those \\ ho 
supported it The conflicting lesults of various authors cited by Magath may be 
summarized as follows ( 1 ) “in a high percentage of positive i eactions the albumin- 
globulin ratio is revei sed and m even a higher percentage there is some alteration in 
either the relative or the absolute amounts of these proteins ” (2) “In an appreciable 
number of cases the albumin-globulin ratio is not disturbed when the Takata-Aia 
reaction is positive ” (3) “Increase in the globulin fraction of the serum, both 
lelatively and absolutely, does occur in the majority of cases, but there are many 
cases in which it does not Conversely, there aie many cases with changes in 
the globulin without positive Takata reactions” (4) “Many positive reactions aie 
obtained in cases in which the level of serum protein is low and m which the 
albumin-globulin ratio is not reversed ” 

A study of the literatuie leveals that the Takata-Ara leaction is so frequently 
positive in cases of hypeiproteinemia that it has been used as a simple means of 
detecting hyperproteinemia Jegheis 20 noted markedly positive Takata-Ara reac- 
tions in each of 5 cases of multiple myeloma associated with hyperpioteinemia and 
hyperglobulmemia Jegheis and Selsmck leported the reaction positive m 9 of 10 
cases of hypeiproteinemia and hyperglobulmemia in which it was performed 
Salvesen 26 reported the reaction positive in his cases of Boeck’s sarcoid associated 
with hyperproteinemia, and it has been repoited positive by numbeis of workers in 
cases of lymphogranuloma venereum associated with increased protein concentration 
Inasmuch as in hyperproteinemia it is globulin that is usually increased, it is under- 
standable why a strongly positive reaction occurs in this condition 

( b ) Formaldehyde-Gel Reaction The formaldehyde-gel leaction (known also 
as the formal-gel test, the Gate-Papacosta reaction, the Fox-Mackie reaction and 

28 Magath, T B Takata-Ara Test m Liver Disease, J Lab & Clin Med 26 156-173 
(Oct ) 1940 

29 Jeghers, H Detection of Ha perprotememia Due to Multiple Myeloma by Means of 
Takata-Ara Reaction, J Lab & Clin Med 22 425-430 (Jan ) 1937 
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CINCINNATI 

It. has generally been accepted that an extremity affected by anterior polio- 
myelitis, with atiophy of voluntary muscle, suffers fiom a definite diminution in 
blood supply In fact, the lationale for some of the methods of treatment of this 
condition has had for a puipose the augmentation of the penpheral circulation 
thiough the involved muscles Examination of literature, however, reveals that 
definite pi oof for such a view does not exist In ordei to elucidate this point, the 
penpheial cuculation m a series of 27 patients with antenoi pohomvehtis was 
studied by means of the venous occlusion plethysmogi aphic method 

M El HOD 

The series was limited to subjects with unilateral involvement of an extremity, so that in 
each instance the contralateral normal limb could be utilized as a control Readings of blood 
flow during rest, in cubic centimeteis of blood per minute per hundred cubic centimeters of 
limb volume, were obtained either on two forearms or on two legs at a bath temperature of 
32 C (temperature of the water in the plethysmograph) and a room temperature of 25 to 
27 C, according to a technic previously described 1 In the majority of subjects the lesponse 
to a five minute period of local anoxia was also studied This was measured by appljing an 
arterial occlusion pressure to the extremity, proximal to its insertion in the plethysmograph, and 
then after release of the pressure determining blood flow eveiy ten seconds during tbe 
subsequent state of reactive hyperemia 2 From the readings obtained a graph was constructed, 
and by means of a plammeter the amount of excess blood flow, the quantity over and above 
that which would have oi dinar fly entered the extremity, was determined 2 This figuie was 
expressed as the quantity of excess blood per hundred cubic centimeters of limb volume elicited 
by each minute of arterial occlusion 

In most instances readings of cutaneous temperature were obtained lepeatedly over a 
period of six hours by means of a Tycos dermatherm During this time the subjects remained 
mdooi s 

RESULTS 

Of the 27 subjects in the senes, 5 were tested within two to four weeks aftei 
the tei ruination of the contagious stage of the disease At this time atiophy of 
muscles was generally not significant, although definite weakness or paralysis 
of the extremities was present In the remaining 22 subjects, the attack of polio- 

From the May Institute for Medical Research, Jewish Hospital 

This study was aided by a grant from the National Foundation for Infantile Paralysis, Inc 

1 Abramson, D I , Zazeela, H , and Marrus, J Plethysmographic Studies of Peripheral 
Blood Flow in Man I Criteria for Obtaining Accurate Pletbysmographic Data, Am Heart 
J 17 194 (Feb) 1939 Ferris, E B, Jr, and Abramson, D I Description of a New 
Plethysmograph, ibid 19 233 (Feb ) 1940 

2 Abramson, D I , Katzenstem, K H , and Ferris, E B , Jr Observations on Reactive 
Hyperemia m Various Portions of the Extremities, Am Heart J 22 329 (Sept ) 1941 
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formula expresses the relation of the various factors involved in the sedimentation 
of the red cells 

Sedimentation rate = ce n volum e * [(^ nno Sen % — 3 5 X 12 + (globulin % — 22 X 2 5)] 

It can be seen from this formula that the sedimentation rate increases with the 
concentration of globulin but that other factors aie also operative 

Twenty-six sedimentation rates weie detei mined by the Westergren 81 method 
m 17 cases of hyperprotememia m our senes, of which 23 were corrected for anemia 
by the hematocrit (Wmtrobe and Buell S5 ), accoidmg to the method of Plass and 
Rourke 80 The mean of the 26 uncoirected sedimentation rates was 150 mm per 
hour (the normal does not exceed 20 mm pei hour) Some of the values obtained 
were among the highest recorded in the literature and weie seen even in the 
absence of fever or infection The mean of the 23 corrected sedimentation rates 
was 80 mm per hour The lowest corrected rate was 42 No linear correlation 
could be established between the concenti ation of total protein, albumin or globulin 
and the sedimentation rate, but one may conclude that in the presence of true 
hyperprotememia the sedimentation rate is invariably increased to a marked degree 

Postmortem examination of 6 hyperprotememic patients and biopsy of the livers 
of 2 hyperprotememic patients failed to reveal any consistent histopathologic 
changes, such as the proliferation of the reticuloendothelial system suggested by 
Bing, except m the 2 cases of subacute bacterial endocarditis in which such 
proliferation was evident and in the case of multiple myeloma m v Inch there was 
marked hyperplasia of plasma cells 

SUMMARY AND CONCLUSIONS 

Fifty-four patients with total serum piotein above 8 5 Gm per hundred cubic 
centimeteis were found by landom sampling examination of 4,370 serums, by the 
falling drop method giving the incidence of h) perprotememia in the Cook County 
Hospital as 1 2 per cent 

In the Cook County Hospital hyperprotememia is most frequently found to be 
associated with hepatic diseases, lymphogranuloma venereum, certain acute and 
chronic infections and states of extieme dehydration 

The concentration of total protein is correlated with the concentration of glo- 
bulin m hyperprotememic serums 

The results of the Takata-Ara and the formaldehyde-gel test are interchangeable 
and are almost invariably positive in conditions associated with hyperprotememia 
and hyperglobuhnemia 

The sedimentation rate is regularly increased to extreme degrees in hypeipro- 
tememic conditions, but no linear correlation exists between the concenti ation of 
total protein or globulin and the rate of sedimentation 

No consistent correlation between particulai histopathologic changes and hyper- 
proteinemia could be demonstrated m this series of cases 

185 North Wabash Avenue 

2501 Devon Avenue 

34 Westergren, A Technique of Red Cell Sedimentation Reaction, Am Rev Tuberc 
14 94-101 (July) 1926 

35 Wmtrobe, M M , and Buell, M V Hyperprotememia Associated with Multiple 
Myeloma, with Report of Case in Which Extraordinary Hyperprotememia Was Associated 
with Thrombosis of Retinal Veins and Symptoms Suggesting Raynaud’s Disease, Bull Johns 
Hopkins Hosp 52 156-165 (Feb ) 1933 

36 Plass, E D , and Rourke, M D New Procedure for Determining Blood Sedimenta- 
tion Rates, J Clin Investigation 5 531-539 (June) 192S 
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less than, the same as 01 gieatei than those foi the control side (table 1) In only 4 
of the paial}7ed extremities did the blood flow continue to be significantly deci eased 
In lespect to the lesponse to a penod of artenal occlusion, examination of table 2 
leveals that in 9 of 23 subjects the blood flow lepayment was the same in the 
involved and in the noimal extiemity In 6 subjects it was slightly decreased, and 
m 3, slightly mci eased In only 5 was theie any significant difiference m the leaction 
of the blood vessels in the limb affected by poliomyelitis as compared with that on 
the conti ol side, in 3 the lesponse was gi eater than normal, and in 2 it ivas less 
than noimal 

In the case of deteimmations of cutaneous temperatuie the first set unifoimly 
showed a significant deciease on the paialyzed side, m some instances to the extent 

Tabie 2 — Response to a Five Minute Penod of Aitcnal Occlusion in an E\ti entity Affected 
by Poliomyelitis as Compaicd with 'I hat in the Conti alatci al Noimal Side 


Normal Limb InvohcdLimb 


Subject No 

r 

Resting 

1' low * 

Repin 
incut t 

Maximum 
Single 
Reading i 

f 

Resting 
Flow * 

Rep ly 
ment f 

Maximum 
Single 
Rinding t 

Comment 

1 

2 2 

2 1 

1 orearm 

13 0 

3 3 

3 o 

11 4 

Ac tile st ige past 

O 

! 1 

1 0 

9 1 

. 4 

34 

17 G 

Chronic 

5 

3 2 

28 

1S9 

29 

2 G 

G 3 

Chronic 

4 

3 3 

2 5 

15 2 

. 0 

22 

10 G 

Chronic 

G 

4 1 

3 1 

18 1 

1 8 

1 2 

97 

Chronic 

8 

4 9 

3 0 

1 eg 

21 1 

5 2 

1 4 

13 5 

4cutc stage past 

7 

2 1 

24 

12 1 

20 

2 3 

19 4 

■Vcutc stage past 

JO 

14 

07 

59 

07 

04 

3 G 

Chronic 

U i 

19 

07 

70 

2 u 

0G 

G 7 

Cluome 

14 

1 2 

2 0 

14 8 

4 0 

2 G 

17 7 

Chi onii 

11 

52 

1 1 

113 

5 1 

1 1 

10 1 

Chionit 

r, 

33 

30 

15 4 

4 G 

2 4 

1") 5 

Cluome 

18 

2 8 

00 

92 

19 

1 9 

10 4 

Chronic 

12 

5 2 

1 G 

13 9 

G 4 

0 0 

11 2 

Chronic 

IT 

1 8 

1 8 

78 

1 0 

1 3 

101 

Chrome 

22 

1 0 

1 0 

10 5 

20 

1 G 

9 2 

Cluome 

20 

2 0 

1 G 

5 5 

1 4 

1 2 

G 9 

Chrome 

10 

4 1 

1 4 

10 0 

5 1 

1 8 

13 4 

Chronic 

24 

3 4 

2 5 

15 G 

„ 2 

2 5 

12 2 

Chrome 

2T 

G 7 

1 1 

13 5 

4 G 

1 1 

9 1 

Chrome 

19 

27 

1 7 

G 9 

28 

1 9 

15 0 

Chronic 

24 

4 0 

1 0 

8 7 

1 2 

1 4 

G 2 

Chronic 

25 

4 0 

1 G 

93 

23 

1 G 

15 7 

Chronic 


* Tho blood flow \\ as lead in cubic centimeters per minute per hundred cubic centimeters of limb 
t olumo 

t Rcpat ment was calcul ited as the amount of excess blood per hundred cubic centimeters of limb 
\ olumo enteiing an extremity in a period of reactive hyperemia for each minute of nrterml occlusion 
t The maximum single reading represented the highest rate of blood flow obtained during a period of 
icactno hjperemia 


of 5 C (table 3) Howcvei, -with the second and the thud set, taken tluec and 
six houis, lespectnely, aftei the fiist one, the chffeience between the noimal and 
the abnoimal limb definitely diminished with the lesult that in many subjects the 
leadings foi both limbs w r eie the same by the time the six houi experimental penod 
was terminated (table 3) 

COMMENT 

When deteimmations of blood flo^v aie made on a senes of noimal subjects with 
the venous occlusion plethysmogiaphic method, it is assumed that the lelative 
amounts of skin, muscle, fat and bone in the lnnb aie fanly constant m evei} 
instance Since the blood flow’ thiough bone is not measured with this procedure 
it is geneially accepted that the leading, although expressed as the number of 
cubic centnneteis of blood pei minute pei hunched cubic centuneteis of total limb 
volume, actually lepiesents the composite rate ol cn dilation thiough skin and muscle 
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in the quantity of muscle mass In othei woids, the bone and to a lessei degree, the 
skin now conti ibuted a relatively greater than noimal shaie of the total volume 
of the atrophied extiemity In view of the fact that the blood flow thiough bone is 
not measured by the pleth) smographic method, it would seem that measui ements of 
blood flow obtained in an atiophied extremity should be collected foi this factoi 
If it v ere possible to do this, it would tend to increase, and cei tamly not deci ease, the 
magnitude of the leadings of blood flow obtained in this type of a limb In the light 
of this, oui readings for extiemities affected by poliomyelitis assume definite signifi- 
cance since with the exception of a few instances theie was no difference obseived 
between the late of blood flow m the involved extremity, as compaied with that in 
the control limb Correction of these leadings of blood flow would certainly not 
detiact from the validity of this obseivation 

The occurrence of an initial low cutaneous tempeiatuie supports the clinical 
impiession that an extremity affected by poliomyelitis is coldei to touch than the 
conti alatei al noimal limb, these data imply that the cutaneous cn culation is reduced 
m this condition In accoid with this are the leports of a nurnbei of investigators 3 
who have found that an excessive amount of spasm exists m the peripheial vessels 
m antenoi poliomyelitis In fact, sympathectomy has been advocated foi the lelief 
of this symptom '’' 1 The rise m cutaneous tempeiatuie that took place over a 
penod of six houis, howevei, does not completely suppoit such a point of view' 
The first set of leadings of cutaneous temperatuie was obtained only a shoit time 
aftei the subjects had come m from the outside (all the tests having been performed 
dunng the winter months), while the subsequent determinations w r eie made after 
the skin had been exposed to the environment of a warm 1 oom for thi ee to six hours 
The use m cutaneous temperatuie of the paialyzed extiemit} can probably be 
atti ibuted to this circumstance, thus implying that theie is no continuous spasm 
of the cutaneous blood vessels in the affected limb, but only that these vessels 
lespond more markedly to the stimulus of cold than do those of the normal side 
Undei physiologic conditions, with an optimal environmental tempeiatuie, there is 
no difference m the cutaneous circulation of the two extiemities, piovided sufficient 
time has elapsed for the disappearance of the vasoconstnction pioduced m the 
cutaneous vessels of the paialyzed limb by cold 

These changes m cutaneous tempeiatuie can help to explain the low initial 
leadings of blood flow obtained in the affected extremity m some of oui subjects 
Since, as previously stated, a composite flow' thiough both skin and muscle is 
obtained with the plethysmograpluc method, at the beginning of the experimental 
penod the readings probably represented the portion conti ibuted by the muscle 
alone, the cutaneous circulation being minimal because of the existing vasospasm 
Latei, as this -was lemoved and the flow thiough skin leached a normal level, the 
total blood flow likewise rose, until it was equal m magnitude to that of the conti ol 
extremity 

The finding that the circulatoiy response to a penod of aitenal occlusion was 
appi oxnnately the same m both the atrophied and the noimal extiemity appears 
to have definite significance m 1 elation to the metabolism of the Aanous tissues in 
the limb The rationale for such a procedure is based on the assumption that during 
the period that an aitery is occluded by piessure the tissues affected aie incurring 
a blood flow r debt, since metabolic processes still continue On iemo\al of the 

3 (a) Telford, E D , and Stopford, J S B Some Experiences of Sympathectomy in 
Anterior Poliomyelitis, Brit M J 2 770 (Oct ) 1933 ( b ) Harris, R I , and MacDonald, 

J L The Effect of Lumbar Sympathectomy upon the Growth of Legs Paralyzed by Anterior 
Poliomyelitis, J Bone & Joint Surg 18 35 (Jan) 1936 
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only In the case of an atrophied exliemity, the question arises whether the not mat 
propoition of skin, muscle and bone is disturbed and, further, if it is, whether a 
figure indicating the rate of blood flow pei hundred cubic centimeters of limb volume 
in this type of limb can be compared with a similar reading for a normal limb 

I abi e 3 — Changes m Cutaneous 7 cmpci atm c in an E\tic»ut\ Affected by Anlciioi Polio- 
myelitis and in the Contralateral Nonnal Extremity 
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Ihc readings are ^ct down in flic order obtained I c at the beginning in the middle and at the end 
of the fix hour experimental period Cacb figure represents the difference between the cutaneous tern 
peraturo of the normal extremitj and that of the abnormal extremity, the minus su.n indicating that 
tlie temperature is greater on the normal side and the plus sign indicating that it i« greater on the 
i in ohed side , 


In order to elucidate this pioblem in respect to poliomyelitis roentgenograms 
were taken of the normal and the parahzed limbs of a number of subjects on the 
same plate and with a single exposure In all instances it w r as found that although 
a definite decrease in the volume of all the tissues existed, the greatest loss occurred 
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Previous studies 1 have demonstrated an apparent constancy of the sei um 
cholesteiol level in normal persons during long periods of observation It is 
theiefoie considered of interest to deteimme whether 01 not the seium cholesterol 
level in patients with coronary arteriosclerosis behaves m a similar mannei 

The hteratuie on this subject is not conclusive, and it is based on single 
determinations of the blood cholesterol in varying numbers of subjects, arbitral lly 
designated as arteriosclerotic persons and normal controls From a study of 13 
patients with arteriosclerosis and 9 normal persons, Bachmeister and Henes, 2 in 
1913, concluded that patients with arteriosclerosis in the stage of development 
showed an increase in blood cholesterol In the same year Weltmann 3 reported 
that 11 of 12 persons with arteriosclerosis had increased blood cholesterol Denis, 4 
m 1917, found that 5 of 14 patients with arteriosclerosis had values foi blood 
cholesterol that exceeded those of 20 control persons Gorham and Meyers 5 
repoited in that year that the range of cholesterol levels in 10 patients with 
arteriosclerosis exceeded that in 14 normal persons In a well conti oiled experiment, 
Mjassmkow G stated that 16 patients, 14 of whom suffered from angina pectoris, had 
elevations m serum cholesterol, the values ranging from 190 to 440 mg per hundred 
cubic centimeters Twenty-five control persons’ serum cholesterol amounted to fiom 
120 to 170 mg per hundred cubic centimeters 

Stepp 7 and Andes, Kampmeier and Adams 8 failed to substantiate the foi egoing 
results The latter investigators in determining whether or not arteriosclerosis 
was present in a group of Negroes used as criteria the condition of the ladial and 
dorsalis pedis arteries (Stiffness of these artenes is now considered evidence 

From the Research Service, First (Columbia) Division, Goldwater Memorial Hospital, 
and the Department of Medicine, College of Physicians and Surgeons, Columbia University 

1 Turner, K B , and Steiner, A A Long Term Study of the Variations of Serum Choles- 
terol m Man, J Clin Investigation 18 45, 1939 Sterner, A , and Turner, K B Observa- 
tions' on the Serum Cholesterol in Acute Infections as Recorded During and After Pneumonia, 
ibid 19 373, 1940 Steiner, A , and Domanski, B Dietary Hypercholesterolemia, Am J 
M Sc 201 820, 1941 

2 Bachmeister and Henes Untersuchungen uber den Cholesteringehalt des menschlichen 
Blutes bei verschiedenen mneren Krankheiten, Deutsche med Wchnschr 34 544, 1913 

3 Weltmann, O Zur khmscher Bedeutung des Cholesterinnachweises ini Blutserum, Wien 
khn Wchnschr 26 874, 1913 

4 Denis W Cholesterol in Human Blood under Pathological Conditions, J Biol Chem 
24 93, 1917 

5 Gorham, F D , and Meyers, V C Remarks on the Cholesterol Content of Human 
Blood, Arch Int Med 20 599 (Oct ) 1917 

6 Mjassmkow, A L Khmsche Beobachtungen uber Cholestermamie bei Arterioskle- 
lose, Deutsches Arch f khn Med 143 403, 1924 

7 Stepp, W Ueber den Cholesteringehalt des Blutserums bei Krankheiten, Munchen 
med Wchnschr 65 781, 1918 

8 Andes, J E , Kampmeier, R H , and Adams, C C Studies on Plasma Protein 
and Cholesterol m Normal White and Colored Individuals, and in Negroes with Arterio- 
sclerosis, J Lab & Clin Med 21 340, 1936 
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pressure, a penod of leactive hypeiemia ensues, dunng which state the blood flow 
debt is repaid thiough an increased quantity of blood entenng the extremity per 
unit of time Hence, the magnitude of this 1 epayment would be a reflection of the 
requirements of the tissues regarding blood flow Our data, therefore, are in accord 
with the view that the metabolism of muscles atrophied by poliomyelitis is no diffei- 
ent fiom that of normal muscles 

SUMMARY AND CONCLUSION 

The rate of blood flow during lest was measuied by the venous occlusion 
plethysmographic method in a senes of 27 subjects with acute 01 chronic antenoi 
poliomyelitis of one extremity 

It was found that m the majority of cases the penpheral cn dilation in the 
paralyzed limb was the same as that in the conti alateial normal extiemity, in fact, 
m some instances it was even significantly greater 

Evidence was obtained which indicated that the cutaneous blood vessels m the 
extremity affected by anterior poliomyelitis respond more markedly to the stimulus 
of cold than do those of the contralateral normal limb The 1 esponse takes the form 
of excessive vasoconstnction on exposure to a low environmental tempeiaturc and is 
apparent as a significant decrease in cutaneous temperature 

By studying the changes in blood flow during the reactive hyperemia elicited 
by a period of arterial occlusion, some evidence was obtained \\ Inch suggested that 
the metabolism of muscles atrophied by poliomyelitis is the same as that of normal 
tissues 

In view of the lack of evidence foi the hypothesis that in persons with antenor 
poliomyelitis the peripheral circulation is reduced, it is concluded that those treat- 
ments which have foi an aim the increase in blood flow thiough the affected parts 
should be critically leexannned for then therapeutic ialue 

Miss M Meador, principal, and Mrs D Wartman, Miss E G Fiefield and Miss R Pratt, 
of the Department of Physiotherapy of the Randall J Condon School, cooperated in tins study 

Jewish Hospital 
Jewish Hospital 
707 Race Street 
Jewish Hospital 
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the lowest seium cholesterol had values langmg fiom 236 to 409 mg pei hunched 
cubic centimeters, while the one with the highest had values varying between 
455 and 550 mg pei hundred cubic centimeters 

The average serum cholesteiol values for the individual patients varied fiom 
296 to 499 nig per hundred cubic centimeteis and the mean of the aveiages foi 
the gioup w r as 355 mg per hundred cubic centimeters The standaid deviations 
foi the individual patients varied from 15 8 to 38 8, the average standard de\iation 
foi the group being 24 8 


Tabu: 1 — Vernation of the Seium Cholestei ol Level in Fifteen Patients with Coionaiv 
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These lesults may be compaied with those m table 2, which shows the data 
for the control group The average period of observation for the control group 
w^as twelve and six-tenths months, and the average number of cholesterol determi- 
nations for each peison w r as 22 6, a total of 342 serum cholesterol determinations 
The lange of serum cholesterol levels m the control persons varied from 216 to 238 
mg per hundred cubic centimeters to 315 to 355 mg per hundred cubic centimeters 
The aveiage seium cholesteiol of the subjects lay between 214 and 334 mg 
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favoung a diagnosis of medial scleiosis [Monckeberg’s] ) Page, Kuk and 
Van Slyke 0 and Elliot and Nuzum, 10 in studies designed to dcteinune vhelhei 
01 not the serum cholesteiol m patients with essential hypei tension Mas elevated, 
stated that the piesence oi absence of aitcnoscleiosis did not seem to influence 
the cholesteiol level Howevei, in the fiist of these papeis the cnteria for the 
piesence of arteiioscleiosis weie not elaborated on In the second papei the 
statement was made that in 18 of 53 patients with In pei tension aitcnoscleiosis of 
model ate to maiked degiee as measured by palpation of the penpheial aiteries 
and bv ophthalmic examination was piesent The blood cholesteiol level was not 
significantly elevated 

The most compiehensive study of this pioblem is that of Davis, Stern and 
Lesmch, 11 published m 1937 These authois in a stud} of the blood lipids and 
cholesterol m 59 patients wuth angina pectons and in 54 conti ols, found that there 
was considerable ovei lapping of the seium cholesteiol values in the two gioups, but 
that a small numbei (20 pei cent) with angina pectons showed values well above 
the highest normal value 

The piesent papei lecords consecutive obsenations on the seium cholesterol 
m 15 patients with coionar) artenosclciosis and in 15 relatively noimal pci sons 
similai with legai d to age, all of whom weie closely followed over periods up to 
tw o v eai s 

METHODS 

The group of patients with coronary arteriosclerosis consisted of 15 pci sons, 13 of whom 
had electrocardiographic evidence of proved coronary occlusion, whereas the remaining 2 had 
angina pectoris The latter 2 patients had positive anoxemia tests 1 - for coronarv insuffi- 
ciency The patients with coronary occlusion were not included in this series until six weeks 
after the time of the coronarv occlusion Moderate hypertension was present m 2 of these 
patients 

The control subjects consisted of 7 patients who had recovered six months previouslv from 
pneumococcic pneumonia and who had no apparent disease at the time of this studv The 
lemainmg 8 persons in the control group had various diseases which were m a stationarv 
(inactive) phase These weie peptic ulcer, tabes dotsalis, rheumatic heart disease, thiombosis 
of the inferior vena cava and controlled diabetes melhtus The serum cholesterol of each 
person was determined bv the method of Blooi, Pelkan and Allen 1 " twice vveehlv, then 
weekly and finally at bimonthly intervals during the period of observation The basal 
metabolism of each subject was detei mined by the Benedict-Roth method The mine was 
examined for ghcosuna and the blood sugar during fasting was determined, for each person, 
at frequent intervals 

RESULTS 

Table 1 shows the tange of values for seium cholesterol in each patient with 
coionaiy arterioscleiosis The numbei of months of obsenation, the number of 
cholesteiol detei mutations, the aveiage cholesterol value with the maximum 
deviation, and the standard deviation for each of the patients also aie tabulated 
The periods of obseivation foi the patients with coionary aitenoscleiosis vaned 
fiorn two to twenty-six months, and aveiaged thnteen months for the group 
The numbei of seium cholesterol determinations totaled 742, and the numbei 
pei patient vaned fiom 8 to 74, averaging 38 foi the group The patient with 

9 Page, I H , Kirk, E , and Van Slyke, D D Plasma Lipids m Essential Hyper- 
tension, J Clin Investigation 15 109, 1936 

10 Elliot, A H , and Nuzum, F R Cholesterol Content of Whole Blood in Patients 
with Arterial Hypertension, Arch lilt Med 57 63 (Jan) 1936 

11 Davis, D , Stern, B, and Lesmch, G The Lipid and Cholesterol Content of the 
Blood of Patients with Angina Pectoris and Arteriosclerosis, Ann Int Med 11 354, 1937 

12 Levy, R L , Baracli, A L , and Bruenn, H G Effects of Induced Oxvgen Want 
in Patients with Cardiac Pain, Am Heart J 15 187, 1938 

13 Bloor, W R , Pelkan, K F , and Allen, D M Determination of Fattv Acids (and 
Cholesterol) in Small Amounts of Blood Plasma, J Biol Cliem 52 191, 1922 


STEINER-DOMANSKI— CORONARY ARTERIOSCLEROSIS 


401 


Although statistically the aforementioned results aie significant, it was felt 
desirable to make observations on a laigei number of patients For this reason 
a single determination of serum cholesterol was made on each of 15 additional 
consecutive patients, aged 40 through 66 years, who were found to have had 
eoronaiy thrombosis in the absence of diabetes mellitus Single deteimmations 
of seium cholesteiol were made on 30 additional normal peisons aged 28 thiough 
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Chart 2 — Variation in serum cholesteiol level m 2 conti ols 


Table 3 — Comparison of the Seium Cholesteiol Levels tn Fifteen Additional Patients zvith 
Coionaiy Ai tenosclei osis and m TJntly Nonna! Subjects 
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65 years In the second group of patients with coronary thrombosis the serum 
cholesteiol values varied from 264 to 505 mg and averaged 336 mg per hundred 
cubic centimeters (table 3) The range of serum cholesterol m the normal 
persons varied from 176 to 337 mg per hundred cubic centimeteis and averaged 
236 mg The results confirm the previous observations 

COMMENT 

The data piesented indicate that the serum cholesterol level in patients with 
coionary arteriosclerosis is significantly higher than that m a gioup of control 
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per hunched cubic centimeters The mean of the average serum cholesteiol 
detei mi nations foi the control group was 255 mg pei hundied cubic centimeteis 
The standaid deviation foi the conti ol patients varied from 3 2 to 17 5, and the 
average standard deviation foi the gi oup was 8 7 

Fiom these two tables it can be seen that seium cholesterol was generally 
highei in the patients with coionary arteriosclerosis than in the conti ol gioup 
Charts 1 and 2 giaphically demonstrate the differences between the serum 
cholesteiol values of the two groups Statistical analysis of these results shows a 
significant difference between the values of seium cholesterol foi the patients with 
artenoscleiosis and the values for the control group (tables 1 and 2) Accoiding 
to this analysis, theie is less than 1 chance in 1,000 that the numeiical chffeienees 
between the tw^o gioups could have been obtained by chance 

HO o' si 

Serum 

cholesterol 

img/lOOcc 



Serum 
cholesterol 
mg / lOOcc 



Chart 1 — Variation in serum cholesterol level in 2 patients with coronary arteriosclerosis 

From tables 1 and 2 it is also seen that the fluctuation of the serum cholesteiol 
level of patients with coionary arteriosclerosis is greatei than that of the conti ol 
group The standard deviation, which is a measure of this fluctuation from 
the mean, varied from 15 8 to 38 8 m the group with coronary artenosclei osis 
and from 3 2 to 17 5 m the control series The average standard deviation foi 
the foimer group was 24 8, in conti ast to 8 7 for the control group The ratio 
of the standard deviation of the group with coronary artei losclerosis to that of 
the control group is thus 24 8/8 7 = 2 8 It may be shown that the probability 
of this ratio occurring by chance is only 0 02 (1 chance m 50) Charts 1 and 2 
illustrate this excessive fluctuation m 2 patients with coronary artenoscleiosis m 
contrast with the relatively constant values m 2 persons of the conti ol gioup 



MULTIPLE BILATERAL PULMONARY ADENOMATOSIS 

IN MAN 


J L SIMS, MD 

MEDICAI CORPS, ARMY Or THE UNITED STATES 

A pulmonary lesion of sheep, apparently of infectious origin but lesemblmg a 
tumor m its morphologic characteristics, has been known since about 1891 1 It 
has received such varying names as jagziekte, epizootic adenomatosis, puhnonaiy 
adenomatosis and infectious adenomatosis Very similar and probably identical 
conditions have been leported under the titles of verminous pneumonia and 
Montana progressive pneumonia of sheep A considerable incidence has been found 
m aieas as widely separated as South Africa Saxony, England, Iceland and 
Montana Similar changes have been seen in hoi ses 3 and guinea pigs, 4 and as 
eaily as 1903 Lohlein 5 found a picture lesemblmg it in a 69 yeai old woman 
Since that time, the veterinaiy literature on the subject has become voluminous 
and theie have been several othei human cases recorded 

REPORT Or A CASE 

A white man aged 42 was admitted to the Wisconsin General Hospital April 19, 1941, 

with a cough of two years’ duration The cough had been dry originally, but for a year 

he had raised about 1 cupful of frothy watery sputum daily Theie was never any hem- 
optysis, but some pain in the upper anterior part of the chest was associated with the cough 
For some months he had noticed gradually increasing weakness, a profuse nasal discharge, 
frequent cold sweats, a low grade fever in the afternoon, shortness of breath on even such 
slight exertion as talking, decreasing appetite, belching, “gas pains” and progressive loss of 
weight amounting to 40 pounds (18 Kg) by the time of admission 

He was a railroad machinist, and he had had no known contact with sheep, nor had he 
traveled extensively in sheep-raising areas so far as his family knew Past illnesses included 
only the usual children’s diseases and a rather vague rheumatic episode which had involved a 
numbei of joints, wuth transient local pain and swelling, during the spnng of 1940, almost 

a year after the onset of his present illness There had been no known infection of the 

respiratory tract preceding the present illness except for very occasional acute coryza The 
family history included no pulmonary diseases so far as he knew, nor had there been know'll 
contact with any otherwise 

He w r as a pale, emaciated (height, 65 inches [165 cm], weight, 88 pounds [40 Kg]), 
febrile, sick-appearing person, who seemed quite weak and coughed frequently, raising copious 
amounts of clear watery whitish sputum The fingers and toes were markedly clubbed, and 
there w^as moderate cyanosis of the nails and the mucosae There w'as a mucopurulent nasal 
discharge with some mucosal swelling and injection The cardiac findings were normal 
except for tachycaidia (rate 100 to 130) The blood pressure was 100 systolic and 70 
diastolic 


From the department of pathology of the University of Wisconsin and the Department 
of Medicine of the State of Wisconsin General Hospital 

1 Eber, A Bericht uber das V eterinanvesen im Komgreich Sachsen tur das Jahr 
1891, p 43, cited by Pallaske 2 

2 Pallaske, G Zur Kenntms der sogennanten Adenomatose oder der multiplen Adenome 
d’un cory nebacille diphteroide, Bull Assoc frang p 1’etude du cancer 15 212-237, 1926 

3 Theiler, A Jaagsiekte m Horses, in Se\enth and Eighth Reports of the Director 
of Veterinary Research, Union of South Africa, April 1938, p 59 

4 Grumbach, A Tumeurs epithehales du poumon chez le cobay e a la suite d’mjecticn 
d’un cory nebacille diphteroide, Bull Assoc frang p l’etude du cancer 15 212-237, 1926 

5 Lohlein, M Cy'stisch-papillarei Lungentumor, Verhandl d deutsch path Gesellsch 
12 111-115, 1908 
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subjects and also that the cholesteiol level m the foimei gioup fluctuates widely 
m contrast with the lelative constancy of the level in the conti ol gioup Since 
othei disease states may be associated with an elevated le\el of seium cholesterol 
(such as unconti oiled diabetes mellitus, chronic glomerulonephntis, nephrosis and 
myxedema), ceitam tests weie made m oidei to lule out the possible presence of 
these conditions Sugai tolerance tests on 6 patients (table 1) indicated absence 
of diabetes Likewise m 6 patients serum pioteins showed no abnormalities 
(table 1) The basal metabolic lates of the 15 patients also fell within noimal 
limits In view’’ of these findings it is unlikely that the afoiementioned diseases 
w r eie piesent 

The significance ot the piesent findings cannot be fully evaluated at this tune 
Howevei, it may be pointed out that the association of elevation and fluctuation 
of the serum cholesteiol level has been considcicd by many observers to be of 
etiologic significance m the fiequent, piematme and widespiead development of 
ai tenosclerosis in patients with unconti oiled diabetes mellitus, lmxedcma, chronic 
glomeiulonephntis and xanthomatosis 

Marked vanation and giaduation in the extent and the age of cholesteiol deposits 
(atheiomas) m aitenes is a fiequent obsenalion The process ot deposition appeals 
to be discontinuous It is possible that these vai lations m the deposits of cholesteiol 
aie i elated to couesponding penods of abnoimal fluctuation and elevation of the 
seium cholesterol level Coionai} aiteriosclerosis can now be added to the list of 
conditions fiequently associated w’ltli inci eased seium cholesterol The mechanism 
responsible for these changes m seium cholesteiol in patients with coionaiy 
aitenoscleiosis is not apparent 

SUMMARY 

The seium cholesteiol le\els of 15 patients with coronal} aitenoscleiosis and 
of 15 controls were determined at fiequent mteivals foi penods up to two }ears 

The aveiage seium cholesteiol ■values for individual patients with coionau 
aitenoscleiosis vaned fiom 308 to 499 mg per hundred cubic centimeteis with 
a mean aveiage of 355 mg The aveiage seium cholesteiol values foi the conti ols 
varied fiom 214 to 334 mg pel bundled cubic centimeteis, with a mean a\eiage 
of 255 mg This diffeience between the two groups was found to be statistically 
significant 

The fluctuation of the serum cholesteiol level in the gioup with coronal) aiterio- 
sclerosis as measuied by the standaid deviation vaned fiom 15 8 to 38 8 and 
a\eraged 24 8 The fluctuation of the serum cholesterol le\el of the control gioup 
varied from 3 2 to 17 5, with an aveiage of 8 7 The latio of 2 8 between the 
aveiage standard deviations was found to have statistical significance 

Single deteimmations of seium cholesteiol in 15 additional patients with 
coionary aitenoscleiosis and in 30 additional conti ols present data confirmatorv 
of the long teim study 

CONCLUSIONS 

1 The serum cholesterol level in patients with coionaiy artenoscleiosis is 
significantly highei than the seium cholesteiol level in normal subjects 

2 The serum cholesteiol level in patients with coionaiy aitenoscleiosis is 
inconstant and fluctuates widely 

3 The claim of lelative constancy of the seium cholesterol level in noimal 
persons is furthei substantiated 

Goldwater Memorial Hospital, Welfare Island N Y 
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sclerosis and some slight residual myocardial changes from an earlier rheumatic fe\er The 
only other significant changes were in the lungs and their associated lymph nodes 

Each pleural cavity contained about 100 cc of serosanguineous fluid, and on the surface 
of the lower lobe of the right lung theie were a few small granular fibrin deposits of recent 
origin About the upper lobe of this lung and in the interlobar fissures of both lungs were 
a few fine fibrous adhesions The lungs themselves seemed rather voluminous and did not 
collapse when removed 

The surface of the right lung was smooth, except as already noted, and pinkish grav 
with anthracotic mottling The lung was quite heavy and felt firm , it was subcrepitant and 
full of lriegular nodules beneath the pleura Its cut surface was in most areas pinkish 
yellow, smooth and meaty in appearance, with fine strands of gray-wlnte tissue separating 
great numbers of closely packed round or polygonal nodules a few millimeters to several 



Fig 2 — Section from a subpleural nodule The pleura is thickened but not invaded bv 
the epithelial change The normal alveolar framework is preserved and covered by a single 
layer of tall columnar cells, sometimes thrown Up into papillary folds The alveolar exudate 
is evident Hematoxylin and eosin stain, X 10 objective and ocular 

centimeters in diameter Here and there were small patches of what appeared to be con- 
gested and edematous but still crepitant and somewhat emphysematous lung tissue 

The left lung showed similar but much less extensive nodularity beneath a perfectly 
smooth pleura' and was generally subcrepitant to crepitant except for purplish meaty con- 
solidated areas posteriorly The cut surface was moist, exuding quantities of pinkish frothy 
fluid, and showed numerous patchy areas resembling the bulk of the right lung The inter- 
vening areas showed purplish meaty r consolidation posteriorly and edema with alternating 
patchy atelectasis and emphysema anteriorly 

The trachea and the bronchi were filled with a frothy brownish fluid, and their mucosae 
were somewhat injected, but nowhere, as far as they could be followed, could any tumor 
growth be detected in them The major vessels seemed normal except for slight atherom- 
atous changes The hilar and tracheobronchial nodes were slightly enlarged, moderateh 
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The right hemithorax was smaller than the left, with bilaterally limited expansion and 
inspiratory retraction of the interspaces The respirations were 20 to 40 per minute, shallow 
and labored Impaired resonance and increased tactile fremitus were noted over the entire 
right side of the chest, especially posteriorly, and at the left base, with tubular breathing on 
the right over the postenor surface and a small area of the midlung field anteriorly Numerous 
moist rales were audible over the entire chest The spleen was not palpable, and there was 
no significant lymphadenopathy The remainder of the physical findings seemed within the 
limits of normal 

The hemoglobin content was 15 4 Gm , and the white cell count 16,500, with 93 per cent 
neutrophils, 4 per cent lymphocytes and 3 pet cent monocytes The neutrophils all showed 
toxic changes, and there were man} stab foims The values for blood sugar and nonprotein 
nitrogen w'ere normal, the results of routine urinalysis w'ere not remarkable and the Wasser- 
mann test of the blood was negative Iw'O sputum specimens examined did not show acid- 
fast bacilli 

A steieoscopic i oentgenogram of the chest obtained April 20 w'as reported on as follows 
by Dr L W Paul “The heart is about in midposition Ihe right border is not w'ell seen, 
but I doubt that it is enlarged Theie is some soft patcln mottling thioughout the left 



Fig 1 — Cut surface of the light lung The absence of color contrast makes reproduction 
of detail unsatisfactory, but the extensile nodular involvement replacing almost the entire 
parenchyma except for the two dark areas in the upper lobe is visible The pleura where seen 
is smooth and not involved by the adenomatous process 

middle and low r ei lung fields, although no large areas of consolidation are present here The 
left dome of the diaphragm is smooth, and the sulcus is clear On the right there is a 
great deal of soft opacity, almost completely obscuring the aerated lung except for some 
air in the apex and peripherally at the base The peripheral part of the dome of the diaphragm 
is visible, with a clear sulcus Medially the dome is obscured by pulmonary changes ” 

The course of illness in the hospital w'as that of an acute fulminating pneumonic process, 
with progressive dyspnea and cyanosis and increasingly numerous coarse moist rales obscuring 
other pulmonary auscultatory findings There was a spiking temperature with a daily varia- 
tion of 3 to 4 degrees and with peaks of 105 to 106 F, and the respiratory rate rose to about 
50 per minute The white blood cell count fell to a total of 3,700, with 88 per cent neutro- 
phils, 10 per cent lymphocytes and 2 per cent monocytes The patient became increasingly 
lethargic and confused, and died April 24, 1941 

Autopsy was performed four hours after death Clubbing of fingers and toes, cyanosis 
and emaciation w r ere again noted The abdominal panmculus measured only 1 to 2 mm in 
its thickest portion There were early generalized arteriosclerosis and arteriolar nephro- 
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In no area could any involvement of the pleura, the bronchi, the blood vessels or the 
1} mphoid structures be detected, in spite of careful and extensive study The tracheobronchial 
tree showed only catarrhal inflammation, with an occasional respiratory bronchiole showing 
epithelial changes adjacent to an alveolar opening, and no larger divisions being affected 
anj where The pleura showed a slight general fibrous thickening but w r as nowhere imaded 
b} epithelial growflh The hilar and bronchial lymph nodes showed small lymphoid follicles 
spiead apait by sinuses distended wuth fluid containing strands of fibrin and large numbers 
of neutrophils and mononuclear phagocytes, but not the slightest evidence of neoplastic 
mvohement 

Cultures of blood from the heart gave no bacterial growth, and only staphylococci w ; ere 
lecoveied fiom the pulmonary tissues Careful microscopic study mealed no fungi, protozoa 
oi woimlike parasites, and stains foi acid-fast bacilli and Gram stains of lung tissue showed 



Fig 4 — Section stained by Mallory’s technic for connective tissue Note that the basic 
stiucture of the alveolar wall is not greatly alteied from normal except for the epithelial 
change and slight fibrosis (X 45 objective) 

only numerous cocci, primarily in the pneumonic areas No inclusion bodies could be found 
m either nuclei or cytoplasm 

Because of the bizarre and unfamiliar gross appearances, advantage was taken of frozen 
sections at the necropsy table The tumor-like appearance of the tissue led to careful search 
for eudence of primary or metastatic neoplastic mvohement elsewhere in the body, but none 
could be detected The picture strongly suggested that described by Ewmg 0 under the 
heading “Infectious Adenomatosis of Lungs in Sheep,” m which he noted its supposed -virus 
etiology Consequently, portions of lung tissue were given to Di A F Rasmussen Jr, of 
the department of bacteriology of the University of Wisconsin, who attempted to transmit 
any causative virus by inoculating animals wuth a 10 per cent suspension of the tissue mass 

6 Ewing, J Neoplastic Diseases, ed 4, Philadelphia, W B Saunders Compam, 1940, 
p 874 
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fiim, on section moist, and pale gray mottled with black, they showed no apparent neoplastic 
change 

On microscopic study the nodules seen grossly seemed to be formed by poitions of lung 
tissue which retained their normal alveolar skeleton The normal alveolar epithelium had 
been leplaced by high cuboidal and columnar cells Gcneially the alveoli were lined In only 
a single layer of cells, in one or two isolated spots there seemed to be a slight anaplastic 
tendency with the formation of tiny nests of polyhedral cells within an aheolar lumen Hie 
cells were often so closely ciou’ded together as to give a pscudostratified appearance, and in 
some areas thee w'ere pushed up into papillan folds supported on fine strands of stroma An 
occasional mitotic figure was found m widely scattered areas The epithelial cells themsehes 
possessed granular cytoplasm, staining moderately heavily with eosm, and a large vesicuhi 
nucleus, usuallv located just below the middle of the cell but occasional!} at either end The 



big 3 — High power view' (X 45 objective) of the nodule seen m figure 2 Hematoxvlm 
and eosm strain 

nuclear membianes W'ere quite heavy, and each nucleus contained one or two large nucleoli 
plus a few scattered chromatin threads and granules 

The stioma in general had the structure of the normal alveolar wall with slight fibrous 
thickening In a few small areas interalveolar fibrosis was quite prominent, with bands ot 
connective tissue as wide as the alveoli themselves The vascular bed showed about the 
same degree of development as m normal pulmonary tissue, with no undue congestion A 
few neutrophils and lymphocytes infiltrated the stroma, but this change w r as slight and no 
abnormal lymphoid accumulations w'ere seen A few laminated hyaline bodies, which w'ere 
believed to be corpora amylacea, w'ere noted The involved alveoli contained small amounts 
of precipitated albuminoid material, wuth some mononuclear phagocytes, desquamated epithe- 
lial cells and an occasional neutrophil There w'as little production of mucus in the adenom- 
atous alveoli 

The areas of lung not involved by this process w'ere mostly subject to an intense acute 
inflammatory edema and necrotizing bronchopneumonia of quite recent origin The few r small 
unaffected areas showed alternating patchy atelectasis and emphysema 
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which seems identical with the present one and has discussed its possible relation 
to jagziekte Still more recently Richardson 12 has briefly described an additional 
case which he feels is of this type Bonne cited yet another report by Bnese 18 of 
a seemingly related lesion, which, however, had metastasized to regional lymph 
nodes 

There seems to be a considerable gap between the lesions m such cases as 
these and the simple localized epithelial hyperplasia and metaplasia often seen as 
the result of the action on human lungs of infectious or irritant agents It is 
possible that this gap is more apparent than real, and until considerably more is 
known about the genesis of the type of process m question it would be rash to 
venture an opinion on the point One cannot, moreover, dismiss Grumbach s 
suggestion 4 that this type of change represents a nonspecific i esponse to certain 
pulmonary irritants, in support of which he cited not only his own experiments 
but various pathologic descriptions of metaplasia of pulmonary epithelium The 
close resemblance to jagziekte is suggestive, however, and Dungal, in a series of 
carefully conducted experiments, has shown clearly that that disease may be 
transmitted from sheep to sheep m the course of direct contact or by confinement 
of a healthy animal in a pen previously occupied by a diseased one Attempts at 
artificial transmission of jagziekte by inoculation of affected tissue have been, with 
one possible exception, uniformly unsuccessful, as have efforts to find a causative 
bacterial agent (eg, Dungal and Taylor 14 ) Students of the disease seem increas- 
ingly to favor the hypothesis that a vuus is the causative factor If this belief is 
correct and if future observations confirm the parallelism of jagziekte m sheep with 
the lesions described as pulmonaiy adenomatosis in man, anothei hitherto unrecog- 
nized virus may be added to the list of infectious agents which can affect the human 
lung Even more stimulating to speculation, if considered in connection with 
Dungal’s demonstration of the transmissibihty of the disease, is De Kock’s sug- 
gestion that jagziekte may represent a true neoplasm His hypothesis would find 
some support m the metastases noted by Oberndorfei and Aynaud, as well as in 
the morphologic appearance of the tissues, but would require considerable additional 
evidence to be i eally tenable 

SUMMARY 

A case of pulmonary adenomatosis m man lesembhng somewhat the disease 
jagziekte as found m sheep has been described Current opinion suggests that 
jagziekte is an infectious disease, possibly of vnus origin A few similar human 
cases have been previously reported, so that it would seem that multiple bilateral 
pulmonary adenomas may occasionally develop in man, resembling morphologically 
those found m the ovine disease mentioned While the evidence to support it is 
slight, there must be considered the possibility that this lesion as seen m sheep 
possesses neoplastic characteristics as well as transmissibihty The identity of the 
condition found in man with that found m sheep is not established by available 
evidence but furthei investigation seems indicated when oppoitumty presents 

12 Richardson, G O Adenomatosis of the Human Lung, J Path & Bact 51 297-298 
(Sept) 1940 

13 Briese Zur Kenntnis des primaren Lungenkarzmoms, mit statistischen Angaben, 
Frankfurt Ztschr f Path 23 48-55, 1920 

14 Dungal, N , and Taylor, E L Epizootic Adenomatosis in the Lungs of Sheep 
Comparison with Jaagsiekte, Verminous Pneumonia and Progressive Pneumonia, J Comp 
Path & Therap 51 46-68 (March 31) 1938 

15 de Kock, G Are the Lesions of Jaagsiekte m Sheep of the Nature of a Neoplasm’ 
Ann Rep Dir Vet Serv (sect V-IX) 2 611-641, 1929, Further Observations on the 
Etiology of Jaagsiekte m Sheep, ibid 2 1169-1183, 1929 
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which had been preserved in glycerin One monkey received 6 cc mtranasally under deep 
anesthesia induced with ether Two rabbits received 3 cc each by mtrapulmonic injection 
Tluee guinea pigs were subjected to an atomized spray of 25 cc of the tumor suspension 
in a small closed chamber for a period of six hours Intrapulmonic inoculations were made 
into other guinea pigs Two of the guinea pigs died after about two months but showed no 
evidence of adenomatous pulmonary change The other animals all remained well, and when 
" they were put to death after some months’ observation, no pulmonary adenomas or other 
apparently related lesions could be found Facilities foi the use of sheep were not available 

Dr E V Cowdry, who has made extensive studies of jagziekte and Montana progressive 
pneumonia of sheep, supplied us with several preparations from sheep lungs involved bv 
jagziekte 

A comparison of those specimens with the involved tissues in our case empha- 
sized their striking similarity in many lespects The pathologic changes in jagziekte 
have been repeatedly described in detail 7 and need not be reviewed here The 
gross appearance, the basic histologic stiucture of the lesion, with retention of 
the normal pulmonary framework and total absence of destructive tendencies, the 
changes in the interstitial tissues, the absence of metastases and of invasion of the 
pleura oi bronchi, the alveolar exudate and the epithelial hypeiplasia descnbed m 
the foregoing paiagraphs are quite like those m the jagziekte sections available to 
us and those described m the hteratuie The individual epithelial cells m our case 
aie not typical, however, those usually seen in jagziekte being less tall and having 
a somewhat clearer cytoplasm with a more darkly staining nucleus 

From the evidence available the lesions in the patient can be called only multiple 
pulmonary adenomatosis, and any suggestion as to their cause oi their analogy to 
the changes of jagziekte in sheep must be purely speculative and without adequate 
support The many parallel morphologic features and the absence of clearcut 
differentiating characteristics other than the dissimilarities in epithelial stiucture 
lendei such speculation tempting, however 

A few othei isolated cases have been descnbed in which the involvement 
coiiesponds more or less to the picture both in this patient and in sheep, while 
differing considerably from any othei well known pulmonaiy lesion Dungal 7c 
leviewed the hteratuie in search of such instances and cited reports by Lohlein , 5 
Oberndorfei 8 and Helly 0 The case of Helly seems almost identical with the 
piesent one except for a somewhat greater pioduction of mucus in the affected 
alveoli Obeindorfer’s patient had very similar changes m the lungs, but metastases 
to bones and the regional nodes weie present (In this respect it may be noted 
that Aynaud , 10 whose sections were also studied by Dungal , 70 found metastases in 
a single case of what was appaiently tiue jagziekte m a sheep ) Lohlem’s case 
histologically resembled Iielly’s but was limited to a single apple-sized tumor in 
the lowei lobe of the light lung In discussing Lohlein’s leport, Sternberg and 
Saltykow stated, without details, that they had each seen a somewhat similai tumoi, 
while Oberndorfer also noted several reports by other workeis of lesions possibly 
belonging to this group Since Dungal’s study, Bonne 11 has reported anothei case 

7 (a) Cowdry, E V Compaiative Pathology of South African Jaagsiekte and Mon- 

tana Progressive Pneumonia of Sheep, J Exper Med 45 571-585 (April) 1927, (b) Studies 
on the Etiology of Jaagsiekte, ibid 42 335-345 (Sept) 1925 (c) Dungal, N Epizootic 

Adenomatosis of the Lungs of Sheep Its Relation to Verminous Pneumonia and Jaagsiekte, 
Proc Roy Soc Med 31 497-505 (March) 1938 Pallaske 2 

8 Oberndorfer, S Zellmutationen und multiple Gcsclnvulstenstehungen in den Lungen, 
Virchows Arch f path Anat 275 728-737, 1930 

9 Helly, K Ein seltener primarer Lungentumor, Ztscln f Heilk 28 105-110, 1907 

10 Aynaud, M Origme vermineuse du cancer pulmonaire de la brebis, Compt lend 
Soc de biol 95 1540-1542, 1926 

11 Bonne, C Morphological Resemblance of Pulmonary Adenomatosis (Jaagsiekte) in 
Sheep and Certain Cases of Cancer of the Lung in Man, Am J Cancer 35 491-501 (April) 
1939 
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study by Macklm 7 8 showed the mechanism of tianspoitation of an along sheaths of 
pulmonary blood vessels fiom alveoli to the mediastinum Gumbmei and Cuttei s 
have recently emphasized the making of lateral roentgenogiams of the chest as 
a diagnostic pioceduie in cases of pneumomediastinum in newborn infants Scaddmg 
and Wood 9 noted clicking and cracking sounds in 4 cases of spontaneous pneumo- 
thoiax and clicking sounds in 2 cases of induced pneumothoiax These authors 
discounted mediastinal emphysema as a cause in then cases and attnbuted the 
sounds to foiceful sepaiation of pleural surfaces by caidiac systole 

In 1929 Dr John Bainwell and I became interested in the mechanism of 
production of these sounds when we noted them in patients with induced pneumo- 



Fig 1 — Ihe diaplu agm is in piopei position during nndinspuation and midcxpiration 
for the heait to stiikc the gas bubble m the colon J, collapsed lung, 2, diaphi agm during 
expiration, 3, diaphragm during midinspiration and midexpu ation , 4, diapluagm dining expi- 
lation, and 5, gas bubble in colon 



Fig 2 — 'Ihe diaphragm is in proper position during inspiration for the be irt to strike 
the gas bubble in the colon 1, collapsed lung, 2, diaphragm during expiration, 3, diapluagm 
during mspn ation , 4, gas bubble in colon, and 5, gas bubble m stomach 

thoiax on the left side Several of our patients weie disturbed by these sounds 
when they lay in various positions at different periods after the injection ot ail 
into the pleuial cavity One day during prepaiations to reintroduce an into one 
of these patients a loud knocking metallic sound began to emanate fi om the patient’s 

7 Macklm, C C Transpoit of An Along Sheaths of Pulmonic Blood Vessels from 
Alveoli to Mediastinum Clinical Implication, Aich Int Med 64 913-926 (No\ ) 1939, 
Impediment to Circulation Occasioned by Pulmonic Interstitial Etnpln sema and Pneumo- 
mediastinum, J Michigan M Soc 39 756-759 1940 

8 Gumbiner, B , and Cutter, M M Spontaneous Pneumomediastinum in the New 
Boin, JAMA 117 2050-2054 (Dec 13) 1941 

9 Scaddmg, J G , and Wood, P Svstolic Click Due to Left-Sided Pneumothorax 
Lancet 2 1208-1211, 1939 
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CAUSE AND DIAGNOSTIC SIGNIFICANCE OF BUBBLING, CLICKING, CRUNCHING, 
KNOCKING AND TAPPING SOUNDS, WITH A REPORT Or TWO C \SES 
OF INI LRSTITI \L EMPII\S1MA OE LUNG AND MEDI \STINUM 

JAMES A GREENE, MD 
low a cm 

Bubbling, clicking ciunching, knocking and lapping sounds emanating from 
the chest are laiely encounteied m civilian practice and then significance is not 
geneially appi eciated With the curient great militaiy mobilization physicians will 
undoubtedly encountei these sounds m mail) instances of thoracic wounds in 
mihlaiy peisonnel and in cn llians It appeals pertinent, theiefoie, to emphasize 
then mechanism ( of pioduclion and their diagnostic significance 

Tapping, clicking and snapping metallic sounds were encounteied by Rees and 
Hughes 1 and Smith - in soldieis with wounds of the left side of the chest during 
the last wai These sounds vaned in intensity from ones audible onh w'ltli the 
stethoscope applied over the piecordium to those which could be heard 6 to S feet 
(183 to 244 cm ) from the patient They weie synchronous with the heart beat 
but laned m relation to the cauhac cycle Some weie audible only dm mg s) stole 
otheis only dunng diastole and otheis during both phases "1 he) were i elated 
to lespnalion but vaned also m their i elation to the iespnator) cycle Some 
weie heard oi became loudei dm mg inspiration, others dui mg expiration and 
others at nndinspnation and midexpiiation It was thought b) the original 
authois that a lesion of the left side of the chest was necessai) Munden 3 
showed that these sounds weie not peculiar to militan personnel when he 
obseived them in a civilian, and Lister 1 called attention to the importance of 
pneumothoiax on the left side 

The diagnostic significance of these sounds is intimately associated with the 
mechanism of then pioduction The lattei has been the subject of a good deal 
of debate Smith 2 and Listei 1 attributed the sounds to the lieait sti iking 
emphysematous blebs m the mediastinum, and m 1937 Haninian 5 repoited 6 
cases of spontaneous intei stitial emphysema of the lung and mediastinum m w'hich 
ciunchmg and bubbling sounds weie audible to both the patient and the plpsician 
McGuire and Bean 0 later lepoited 2 moie cases and gave an excellent ieview r 
of the literature Pneumothoiax on the leit side was picsent m some cases, but 
its piesence w r as not necessai y foi the pioduction of the sounds An excellent 

From the Department of Internal Medicine, College of Medicine, State Unnersitj of 
Iowa 

1 Rees, W A , and Hughes, G S Wounds of the Chest as Seen at an Advanced 
Operating Centre, Lancet 1 55-59, 1918 

2 Smith, S M Pericardial Knock, But M J 1 78, 1918 

3 Munden, W P H Pericardial Knock, Brit M J 1 174, 1918 

4 Lister, W A Pericardial Knock Associated with Spontaneous Pneumothorax, Lancet 
1 1225-1226, 1928 

5 Hatnman, L Spontaneous Interstitial Emphysema of the Lungs Tr A Am Physi- 
cians 52 311-509, 1937 

6 McGuire, J, and Bean, W B Spontaneous Intel stitial Emphysema of the Lung 
Am J M Sc 197 502-509, 1939 


410 



GREh\ J F — VNVSU IL SODA’DS 1 A CJ1LS1 in 

sounds It is to be noted that with the diaphragm at the normal le\el the sounds 
(an he pioduced at midinspiration and nudexpii ation or at mspnation or at 
expuation Ihese sounds have been noted m association with varying degrees 
of collapse of the lung, from 25 to almost 100 per cent The heart could strike an 
emphysematous hi eh on the median aspect of a partiall) collapsed left lung and 
piobably would produce a similar sound It was thought that the mechanism of 
pioduction of these sounds v r as due entirely to the piocess described here until 
similar sounds were heard in a case m which collapse of the lung was insufficient 
foi the heart to stnke the diaphragm and later m a case of pneumothorax on 
the light side The sounds m these 2 cases, how r evei, were different fiom the 
sounds previously obseived They were more clicking and tapping in character 
and wcie audible only with the stethoscope applied ovei the hcait It was thought 
therefore, that theie weie diffeient causes for the different types of sounds It 
was not until I obseived the patient in case 1 that the mechanism of the second 
type of sounds wdnch we had heaid became clear 

REPORT Or CASES 

Casf 1 — A Negro ph\ sician aged 41 entered the University Hospitals on May 15, 1941, 
complaining of substeinal pain and peculiar noises in his chest He had enjoyed good health 



Fig 5 — Interstitial emphysematous blebs (7) around the hcait which cause bubbling, 
crunching and clicking sounds when they are struck by the heart 

until about 9pm May 9 when while sitting at his desk he was seized suddenly with sub- 
sternal pain which was sec ere and radiated to the left shoulder There was no accompanying 
shoitness of breath, palpitation of the heart, pallor or perspiration He went to bed imme- 
diately and noted that lying on the left side produced more pain and caused tapping, crunch- 
ing and bubbling sounds to come from the chest These sounds were audible to his w'lfe at 
the bedside and v r ere synchronous with the heart heat He soon found that lying on the 
right side with a pillow beneath the thorax caused the pain and sounds to disappear promptly 
A roentgenogram of the chest was obtained the next morning and revealed nothing abnormal 
He remained in bed until six days later, when he was admitted to the hospital During this 
time he was comfortable when lying on his right side, but the pain and sounds promptly 
returned when he turned on his back or Ins left side Physical examination revealed no 
evidence of pneumothorax The heart was normal, but tapping and clicking sounds were 
audible with the stethoscope placed anywhere over the precordium They were svstohe in 
time and were loudest during midinspiration and midexpiration The foregoing data were 
obtained with the patient in the sitting and m the supine position When he lav on the left 
side, thev were crunching and bubbling in character and were continuous throughout respi ra- 
tion hut continued to be systolic in time An anteroposterior roentgenogram of the chest 
failed to reveal any abnormality, but an oblique roentgenogram revealed evidence of air in 
the mediastinum The pain and the sounds gradually subsided until they disappeared ten 
days aftei onset The temperature, pulse rate and leukocyte count were normal 

Casr 2 — A white woman aged 21 entered the obstetric service of the University Hospitals 
on Tan 4, 1942, foi delivery of her second child after a full term pregnancy During lahoi 
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chest The sound was audible at a distance of 3 feet (91 cm), and se\ual 
minutes latei while I was listening with a stethoscope, boiboivgimis was beat d 
and the sound disappeaied This occuired without introduction of moie air into 
the pleuial car lty or changing the position of the patient It appeared likely 
theiefoie, that the sound was i elated to the presence of gas m the bow'd Such 
sounds weie made to leappeai in this patient and in anothei bj the injection of 
an into the colon m amounts sufficient to distend the splenic ficxuie In anothei 
patient obsened fluoioscopicall} dm mg the picsence of such sounds it was noted 
that they occuned simultaneously with the heart striking the diaphragm immediately 
above a large bubble of gas in the splenic flexure of the colon 1 hese sounds 
were ol a knocking metallic charactei similai to those heard coming from the 



Fig 3— The diaphragm is m proper position during expiration for the heart to strike 
the gas bubble m the colon ] collapsed lung, 2, diaphragm during expiration, 3 diaphragm 
dm mg inspiration, and 4 gas bubble in eolon 



Fig 4 — A large crnplij seniatous bleb on the median aspect of the lung is in proper 
position to be struck bj the uncushioned heart 1 collapsed lung, 2 cnipbj sematous bleb, 
a, diaphragm during expiration, and 4, diaphragm during inspiration 

engine of a motoi cat dm mg a haid pull 1 he} were noted dut mg s} stole m 
some instances and dm mg diastole m others The} also occurred during different 
phases of respiration If they were noted duiing inspiiation, they peisisted as long 
as inspiration was maintained Fiom oui observation ot seveial cases in which 
these sounds were noted at different times it appealed that those occurring dining 
s) stole weie due to rotation of the heart striking the diapluagm immediate!} aboic 
a bubble of gas m the colon Those occuning during diastole iveie due to the lice 
flmg ot the uncushioned heart m diastole striking the diaphragm as just desciibed 
The relation to the respirator} phase depended on the height of the diaphragm and 
its relation to the heart The accompanying diagiams illustiate the lelations of 
the heart, the diaphragm and a gas bubble in the colon to the pioduction of the 



VALUE OF SODIUM CHLORIDE IN PREVENTION OF 
ALKALOSIS DURING “SIPPY” TREATMENT 
WITH CALCIUM CARBONATE 

JOSEPH B KIRSNER, MD, PhD 

AND 

WALTER LINCOLN PALMER, MD, PhD 

CHICAGO 

Alkalosis can result from administration of soluble alkali 1 01 fiom deprivation 
of chloride 2 01 from both It has been shown 3 also that the alkalosis obseived 
during “Sippy” treatment with the administration of calcium carbonate is almost 
invariably associated with loss of gastric chloride and that m all probability the 
disturbance m the acid-base balance observed undei these conditions is to be 
attributed to the loss of chloride rather than to calcium carbonate If this thesis is 
correct, it should be possible to prevent the development of alkalosis by the admin- 
istration of sodium chloride coincident with the administration of alkali A study, 
theiefore, was undertaken to determine the effect of the simultaneous administration 
of sodium chloride and calcium carbonate on the acid-base balance of a senes of 
patients with peptic ulcer 

METHOD 

Sodium chloride and calcium carbonate were given concurrently to 150 patients with 
peptic ulcer Eight patients were given minimal amounts of magnesium carbonate as a laxatne 
The series comprised 116 men and 34 women of ages ranging from 24 to 76 The serum 
carbon dioxide, pa and chloride and the blood urea nitrogen were measured at various mtenals 
during therapy 1 Renal function was estimated by the urea clearance test 3 

RESULTS 

Acid-Base Balance — The acid-base balance remained normal except foi tem- 
poiarily increased p H values for 135 of the 150 patients (table 1) Alkalosis 
occurred m 15 patients (10 per cent) The serum carbon dioxide ranged from 
32 9 to 41 0 millimols per liter, exceeding 40 millimols per liter m 2 instances 
The pH varied from 7 47 to 7 63 The lowest values for serum chloride langed 
fiom 81 3 to 99 7 millimols per liter, the values of 6 patients were between 81 3 
and 90 millimols per liter, and those of 9 patients exceeded 90 millimols per 
liter The acid-base distuibance was arbitrarily classified as mild m 9 patients, 
moderate m 4 and severe in 2 

From the Frank Billings Medical Clinic, Department of Medicine, Unrversity of Chicago 

1 Kirsner, J B , and Palmer, W L Alkalosis Complicating the Sippy Treatment of 
Peptic Ulcer, Arch Int Med 69 789 (May) 1942 

2 Kirsner, J B , and Knowlton, K Acid-Base Balance, Renal Function and Gasti it 
Secretion During Hypochloremia in the Dog, J Clin Investigation 20 303 (May) 1941 
Kirsner, J B , Palmer, W L , and Knowlton, K Studies on Experimental and Clinical 
Hypochloremia in Man, J Clin Investigation 22 95 (Jan ) 1943 

3 Kirsner, J B, and Palmer, W L The Role of Chlorides in Alkalosis Following 
the Administration of Calcium Carbonate, JAMA 116 384 (Feb 1) 1941 

4 Peters, J P, and Van Slyke, D D Quantitative Clinical Chemistry, Baltimoie, 
Williams & Wilkins Company, 1931, \ol 2 Serum CCk, p 283, pn (Colorimetric), p 796, 
Chloride, p 835 , Blood Urea Nitrogen, p 554 

5 Van Slyke, D D, and others Observations on the Courses of Different T>pes of 
Blight’s Disease and on Resultant Changes in Renal Anatomy, Medicine 9 257 (Sept) 1930 
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on January 16 she strained forcefully with each utciine contraction, and during the latter 
part of labor she experienced a shaip pain ovci the piecoidium The pain was not seyere 
but prevented her from stiainmg as liaid as previously The labor was normal, and she 
dehveied a 7 pound (3,175 Gm) normal baby Immediately after laboi a slight swelling 
and ciepitation were noted m the neck by the attending physician The heart sounds were 
distant, and synchronously with systole and diastole cnckhng sounds were heard which 
persisted when respnation was stopped Approximately two hours later these sounds were 
munching and bubbling in character, continued throughout the respiratory phase and were 
both systolic and diastolic in lime They became louder when the patient was turned on 
the left side, but at no time w'eic they audible without application of the stethoscope to the 
piecordium The ciepitation m the neck and the sounds gradually dcci cased, with the latter 
changing to tapping and clicking sounds before they disappeaied fnc days after onset 
There w'cie no s\ stemic reactions, and the patient was discharged on the tenth da\ post 
paitum 

COM MEM 

The clicking and tapping sounds in the 2 cases reported here were identical with 
those heaid in the last 2 cases of pencaidial knock associated with pneumothorax 
observed by Baimvell and myself The crunching and bubbling sounds weie 
not observed m the pievious cases In the 2 cases leported here pneumothorax 
yvas not present, and the sounds weie typical of those occuriing in interstitial 
emphysema of the lung and mediastinum The bubbling, ciunchmg, clicking and 
tapping sounds in these 2 cases weie clue undoubtedly to the heart striking 
emphysematous blebs m the lung and mediastinum It appears logical from 
the data at hand to assume that the bubbling and crunching sounds aie pioduced 
by fairly numerous oi fan ly laige emphysematous blebs in close proximity to 
the heart, yvheieas clicking and tapping sounds are due to smallei and to less 
numeious blebs m the same vicinity The knocking sounds, on the other hand, and 
piobably some of the tapping sounds aie produced b) the heart striking a largei 
bubble of air located a little farther from the heait and separated from it by an 
free in the pleural cayity The bubble of air may be an emphysematous bleb on 
the median aspect of a partially collapsed left lung oi a gas bubble in the splenic 
flexure of the colon immediately beneath the diaplnagm 'I he bubble must be 
at the propei distance fi om the heart to be struck an optimum bloyv by the rotation 
of the heart during systole oi by the fi ee diastolic fling of the uncushioned heart 

The clinical significance of these sounds has been discussed in part with the 
mechanism of production Their occuirence indicates that interstitial emphysema 
of the lung oi mediastinum oi pneumothorax of the left side is present The ayxul- 
able data indicate that knocking oi tapping metallic sounds occui in cases of 
pneumothorax of the left side, yvheieas bubbling, ciunchmg and clicking sounds 
occur in cases of interstitial emphysema of the lung and mediastinum These 
conditions may occui spontaneously, but they aie usually due to trauma and they 
frequently coexist 

SUMMARY 

Two cases of intei stitial emphysema of the lung and mediastinum, spontaneous 
in 1 case and folloyving sti anting in normal laboi m the other, are repotted It 
is concluded that the bubbling, crunching, clicking and some of the tapping sounds 
are due to the heart tubbing against emphysematous blebs in intei stitial emphysema 
of the lung and mediastinum The knocking and tapping metallic sounds, on the 
other hand, are due to the heart striking an emphysematous bleb on the median 
aspect of a partially collapsed left lung or the diaphragm immediately oyer a gas 
bubble in the splenic flexure of the colon in the presence of pneumothoiax of the left 
side These conditions may occui spontaneously, oi they may be due to trauma 

University Hospitals 
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Blood Urea Nitiogen — The blood urea nitrogen increased during alkalosis m 
10 patients The maximum values for 6 ranged from 16 2 to 30 mg per hundied 
cubic centimeters and for 4 from 35 8 to 97 mg per hundred cubic centimeters 
The highest value for blood urea nitrogen (97 mg per hundred cubic centimeters) 
was that of a 66 year old man with hypertension and urinary retention secondary 
to prostatic obstruction Hypertension was present in the 4 patients with the 
highest values for blood urea nitrogen The urme of 4 patients undergoing treat- 
ment contained slight to model ate amounts of albumin and hyaline and granulai 
casts Albumin and casts were present in the urme of 1 of these patients before 
ti eatment 


Table 3 — Uiea Cleaiance During Theiapy with Sodium Chlonde and Calcium Caibonate 


Urea Clearance 

No Alkalosis 

Alkalosis 

Unchanged 

92 

2 

Reduced 

8 

8 

Undetermined 

35 

5 

Totals 

135 

15 


Table 4 — Gastuc Retention 


Volume (Cc ) 

No Alkalosis 

Alkalosis 

0-100 

81 

0 

100 200 

30 

3 

200-300 

12 

3 

300 400 

9 

2 

400 500 

1 

5 

500 h 

2 

2 

Totals 

135 

16 


Table 5 — pn of Uune Bcfoie and Aftei Admimsti ation of Sodium Chloride to 

Six Noi mal Infants * 


Before 

After 

5 80 

7 35 

6 75 

6 40 

6 75 

710 

6 35 

6 75 

5 90 

6 00 


* Data taken from Schoenthal 7 

Gastuc Retention — A significant dififeience existed between the patients with 
noimal serum electrolytes and those in whom alkalosis developed with respect to 
the volume of gastric contents aspnated daily (table 4) The amount aspirated 
averaged less than 200 cc foi 111 (81 per cent) of the patients without alkalosis 
but for only 3 (20 per cent) of those with alkalosis Large quantities of acid 
gastric juice thus were removed daily from 12 (80 per cent) of the patients m 
whom alkalosis occuired The loss of chloride via gastric aspiration appeared to be 
of considerable importance m the pathogenesis of hypochloremia and alkalosis, 
since in these persons presumably from 0 5 to 2 0 Gm of chloride ion contained in 
the gastric contents, as well as a considerable portion of the sodium chloride given 
orally, was thereby removed each day In view of the absence of changes m the 
serum electrolytes in some patients in whom marked gastric retention also was 
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Clinical Aspects — No direct 1 elation existed between the amount of calcium 
carbonate ingested and the development of alkalosis The total alkali intake 
of the 135 patients with noimal seium electiolytes ranged from 200 to 500 Gm 
for 104 patients and fiom 500 to 1,000 Gm for 27 patients The lemaimng 4 
patients of this gioup received 1,148, 1,154, 1,850 and 2,355 Gm of calcium 
carbonate, lespectively The total alkali intake of the patients m whom alkalosis 
developed varied from 200 to 500 Gm foi 9 patients and from 500 to 1,000 Gm 
for 2 patients, 4 patients received 1,080, 1,144, 1,305 and 2,897 Gm , respectively 
There was likewise no correlation between the amount of alkali given and the 
seventy of the acid-base disturbance, foi the alkalosis was mild m 3 of the 4 
patients receiving the largest amounts of calcium caibonate 

Nine of the 15 patients with alkalosis did not have any complaints referable 
to the acid-base disturbance The symptoms of the other 6 patients consisted of 
weakness, nausea, headache, dizziness and mental confusion 

In the group with noimal serum electrolytes 9 patients had had massive hemor- 
lhage, 9 had hypei tension and 1 had polycythaemia rubra vera Other complica- 


Table 1 — Aad-Base Balance During Simultaneous Administration of Sodium Chlonde and 
Calcium Caibonate (One Hundicd and Fifty Patients) 



Serum CO; (mM/L) 

Serum pa 

Serum Cl (mM/L) 

No alkalosis (133 patients) 

£2 30 

7 33 7 50 

05-105 

Alkalosis (15 patients) 

32 0 41 0 

7 47 7 03 

81 3 90 7 


Table 2 — Urea Cleaiancc at Beginning of Tltciapy with Sodium Chlonde and Calcium 

Carbonate 


Urea Clearance 

No Alkalosis 

Alkalosis 

Normal 

94 

4 

Below normal 

21 

5 

Undetermined 

£0 

0 

Totals 

135 

15 


tions m the gioup with alkalosis consisted of massive hemorrhage (3), hyperten- 
sion (6), persistent secondary anemia (1) and perforated ulcer with diabetes (1) 

Renal Function — Of the patients m whom alkalosis did not develop, the urea 
clearance of 94 at the beginning of treatment was normal, that of 21 v r as below 
normal and that of 20 was undetermined Renal function of S patients in this 
group decreased temporarily duung combined therapy with sodium chloride and 
calcium carbonate, originally, the urea clearance of 6 patients had been noimal and 
that of 2 had been below normal 

In the group of patients in whom alkalosis developed the urea clearance at the 
onset of treatment was normal for 4, impaired for 5 and undetermined for 6 
(table 2) Renal function during alkalosis v r as not altered significantly in 2 
patients whose urea cleaiance had been normal originally Renal function 
diminished during alkalosis in 8 patients, the cleaiance of 4 of them v r as below 
normal at the beginning of therapy The values in 5 instances dropped to levels 
as low as 7, 11, 15, 19, and 20 per cent of aveiage noimal The urea clearance 
subsequently returned to its original level in 7 of the 8 patients (undetermined 
for 1) in whom it had decreased Renal function of 5 patients Avas not measured 
during alkalosis (table 3) ' 
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Blood Uiea Ntti ogen —The blood mea mtiogen me eased during alkalosis m 
10 patients. The maximum values foi 6 ranged from 16 2 to 30 mg. per bundled 
cubic centimeters and for 4 from 35 8 to 97 mg pei bundled cubic centimeters 
The highest value for blood uiea mtiogen (97 mg. per hundred cubic centimeters) 
was that of a 66 year old man with hypei tension and untiary retention secondary 
to prostatic obstruction Hypei tension was piesent m the 4 patients with the 
highest values for blood urea nitrogen The mine of 4 patients undergoing tieat- 
ment contained slight to model ate amounts of albumin and hyaline and gianulai 
casts. Albumin and casts were present in the unne of 1 of these patients before 
treatment 


T \ble 3 —Uiea Clearance During Therapy with Sodium Chloride and Calcium Carbonate 


Urea Clearance 

Xo Alkalosis 

Alkalosis 

Unchanged 

02 

2 

Reduced 

s 

8 

Undetermined 

33 

5 

Totals 

133 

15 


Table 4 — Gastric Retention 


1 olunie (Cc ) 

Xo Vlknlosls 

Alkalosis 

0-100 

81 

0 

100 200 

30 

3 

200-300 

12 

3 

300 400 

9 

2 

400-500 

1 

5 

500 

o 

o 

Totals 

135 

15 


Table 5 — pn of Urine Before and After Administration of Sodium Chloride to 

Sir Normal Infants* 


Before 

After 

5 80 

7 35 

0 75 

0 40 

0 75 

710 

0 35 

0 75 

5 90 

000 


* Data taken from Scboenthal 7 


Gastric Retention — A significant diffei ence existed between the patients with 
normal serum electrolytes and those in whom alkalosis developed with respect to 
the volume of gastric contents aspirated daily (table 4) The amount aspirated 
averaged less than 200 cc for 111 (81 per cent) of the patients without alkalosis 
but for only 3 (20 per cent) of those with alkalosis Large quantities of acid 
gastric juice thus were removed daily from 12 (80 per cent) of the patients in 
whom alkalosis occurred The loss of chloride via gastric aspiration appeared to be 
of considerable importance m the pathogenesis of hypochloremia and alkalosis, 
since in these persons presumably from 0 5 to 2 0 Gm of chloride ion contained in 
the gastric contents, as well as a considerable portion of the sodium chloride given 
orally, was thereby removed each day In view of the absence of changes in the 
serum electrolytes in some patients in whom marked gastric retention also was 
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Cluneal Aspects — No dnect relation existed between the amount of calcium 
carbonate ingested and the development of alkalosis The total alkali intake 
of the 135 patients with normal serum electrolytes ranged from 200 to 500 Gm 
for 104 patients and fiom 500 to 1,000 Gm for 27 patients The remaining 4 
patients of this group received 1,148, 1,154, 1,850 and 2,355 Gm of calcium 
carbonate, respectively The total alkali intake of the patients m whom alkalosis 
developed varied from 200 to 500 Gm for 9 patients and from 500 to 1,000 Gm 
for 2 patients, 4 patients received 1,080, 1,144, 1,305 and 2,897 Gm, respectively 
There was likewise no correlation between the amount of alkali given and the 
severity of the acid-base disturbance, for the alkalosis was mild in 3 of the 4 
patients receiving the largest amounts of calcium carbonate 

Nine of the 15 patients with alkalosis did not have any complaints referable 
to the acid-base disturbance The symptoms of the other 6 patients consisted of 
weakness, nausea, headache, dizziness and mental confusion 

In the group with normal serum electrolytes 9 patients had had massive hemor- 
ihage, 9 had hypertension and 1 had polycythaemia rubra vera Other complica- 


Table 1 — Acid-Base Balance During Simultaneous Administration of Sodium Chloride and 
Calcium Carbonate (One Hundred and Fifty Patients) 



Scrum CO 2 (mM/1) 

Serum pa 

Scrum Cl (mM/L) 

l«o alkalosis (135 patients) 

22-30 

7 35 7 50 

95-105 

Alkalosis (15 patients) 

32 9 41 0 

7 47 7 03 

813 99 7 


Table 2 — Urea Clearance at Beginning of Therapy zorth Sodium Chloride and Calcium 

Carbonate 


Urea Clearance 

Xo Alkalosis 

Alkalosis 

>>ormal 

94 

4 

Below normal 

21 

5 

Undetermined 

20 

6 

Totals 

135 

15 


tions in the group with alkalosis consisted of massive hemorrhage (3), hyperten- 
sion (6), persistent secondary anemia (1) and perforated ulcer with diabetes (1) 

Renal Function — Of the patients in whom alkalosis did not develop, the urea 
clearance of 94 at the beginning of treatment was normal, that of 21 was below 
normal and that of 20 was undetermined Renal function of 8 patients in this 
group decreased temporarily during combined therapy with sodium chloride and 
calcium carbonate , originally, the urea clearance of 6 patients had been normal and 
that of 2 had been below normaL 

In the group of patients in whom alkalosis developed the urea clearance at the 
onset of treatment was normal foi 4, impaired for 5 and undetermined for 6 
(table 2) Renal function during alkalosis was not altered significantly in 2 
patients whose urea clearance had been normal originally Renal function 
diminished during alkalosis in 8 patients, the clearance of 4 of them was below 
normal at the beginning of therapy The values m 5 instances dropped to levels 
as low as 7, 11, 15, 19, and 20 per cent of aveiage noimal The urea clearance 
subsequently returned to its original level in 7 of the 8 patients (undetermined 
for 1) in whom it had decreased Renal function of 5 patients was not measured 
during alkalosis (table 3) 
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anemic Renal function was not measured prior to alkali therapy A total of 390 Gm of 
calcium carbonate was gnen m seventeen days Gastric contents obtained by aspiration 
a\eraged 220 cc daily Mild chemical alkalosis was noted on the third day of therapy, 
the acid-base disturbance became se\cre on the fifteenth daj, at which time the blood urea 
mtiogcn rose to 27 mg per hundred cubic centimeters and the urea clearance decreased to 
20 per cent ot a\erage normal In addition to the 10 Gm of sodium chlonde taken by 
mouth daily large amounts of physiologic solution of sodium chloride wete gnen parenterally 
on the third, the seventh, the sixteenth, the seventeenth and the eighteenth day of therapy 
The acid-base balance on the twenty -second day was normal despite continued ingestion 
of alkali Three weeks later, the blood urea nitrogen measured 13 5 mg per hundred cubic centi- 
meters and the urea clearance was 70 per cent of axerage normal 

C \sf 7 — P L a -10 x car old man w ith a stenosing duodenal ulcer and In pei tension, \x as found 
on admission to be in a state ot mild alkalosis The acid-base balance was lestored to noimal 
alter tlnee infusions ot 1,500 cc of phxsiologic solution of sodium chlonde A total of 
414 Gm of calcium carbonate xxas gnen subsequent!} Gastric contents obtained by aspnation 
axeraged 800 cc dailx Eight gr mis ot sodium chloride xxas gix’cn bv mouth dailx Mild 
chemical alkalosis was noted on the «c\cnth dax of alkali thcrapx, but the scium electrolxtes 
returned to normal without additional tieatment 

C\se S — F S, a 54 year old man xxith a stenosing duodenal ulcer, had moderatelx seveie 
alkalosis rn the lourth dax of alkali treatment Gastric contents obtained bx aspnation had 
ax ci aged 490 cc dailx Renal function xxas not measured prior to thcrapx during alkalosis, 
hoxxcxet, the urea clcaiance xxas only slightly beloxx noimal The acid-base balance xxas 
partially restored alter the intake of sodium chlonde by mouth had been inci eased fiom 
5 to 15 Gm dailx and phxMolonic solution of sodium chloride had been adnumstcied on the 
lourth and the filth dax oi treatment Tri-calsate '■ was substituted for calcium carbonate 
on the fourteenth dax oi thcrapx, and the serum electrolxtes relumed to normal The blood 
urea nitrogen and the uica clearance were normal alter subsidence of the alkalosis 

Cxse 9 — F OT, a 53 xcar old man xxith sxphihs and hypertension, had xonuted fre- 
quentlx prior to admission to the hospital A total of 328 Gm of calcium carbonate xxas 
gixen in elexen days Gastric contents obtained by aspnation axeraged 195 cc daily Renal 
function xxas not measured prior to alkali thcrapx Mild chemical alkalosis was noted on 
the ninth dax of thcrapx , the blood urea nitrogen mci cased to 24 8 mg per hundred cubic centi- 
meters, and the urea clearance dropped to 10 per cent of axerage normal Alkali therapy 
xxas discontinued for three daxs, and the dailx intake of sodium chlonde xxas met eased from 

5 to 10 Gm 3,000 and 1,300 cc ot phxsiologic solution of sodium chloride xvere adminis- 
tered parcntcrallx on txxo occasions The acid-base balance returned to normal and xxas not 
altered alter the resumption ot calcium carbonate thcrapx 

Cxse 10 — J Mci , a 41 xcar old man xxith syphilis and hxpcrtcnsion, had taken laigc 
amounts of sodium bicarbonate lor the ielicf of symptoms of ulcer On entrx’, the blood 
urea nitrogen measured 23 3 mg per hundred cubic centimeters and the uiea clearance 
60 per cent of axerage normal A total of 212 Gm of calcium carbonate xxas green 
during the first sexenteen daxs, 3 Gm of sodium chlonde xvas taken by mouth daily 
Gastric contents obtained bx aspiration axeraged 230 cc daily Model atcly severe alkalosis 
was noted on the sixth day of tieatment The blood urea nitrogen measuied 298 mg per 
hundred cubic centimeters and the uiea clearance 22 per cent From 1,500 to 3,000 cc of 
physiologic solution of sodium chloride was given daily from the sixth to the tenth day of 
therapy Calcium carbonate therapy xvas discontinued, and aluminum hydroxide alone was admin- 
istered during the next sixteen days The acid-base balance returned to normal, although 
the blood urea nitrogen continued to range fiom 18 2 to 27 0 mg per bundled cubic centi- 
meters Calcium carbonate therapy was lesumed on the thirty-fourth day of hospitalization, 

6 Gm of sodium chloride xxas given by mouth daily The serum electrolytes lemained 
normal except foi a slight elevation of the serum carbon dioxide (32 8 millimols pei litei) 
One month later, the blood urea nitrogen measured 20 7 mg per hundred cubic centnneteis 
and the urea clearance 40 per cent of average normal 

Cxse 11 — T D , a 66 year old man, enteied the hospital because of a massive hemor- 
rhage from a duodenal ulcer Seven blood transfusions and 1,144 Gm of calcium caibonate 
xvere administered in txventy-nine days Five grams of sodium chloride xvas given by mouth 
daily The clinical course xvas complicated by the development of urinary retention Mild 

6 Tri-calsate is a proprietary antacid which when in aqueous solution consists essentially 
of tribasic calcium phosphate and sodium citrate 
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present and whose intake of sodium chloride was no gi eater than that of patients 
with alkalosis, it would seem that the loss of chlonde m the group with alkalosis 
had not been completely replaced by theiapy with salt 

Sodium Chloride Theiapy — Of the patients in whom alkalosis did not develop, 
the daily intake of sodium chlonde (m addition to the salt in the diet) averaged 

4 to 5 Gm foi 61 patients and 5 to 10 Gm foi 74 patients The daily intake 
of sodium chloride of the 15 patients m whom alkalosis developed aveiaged 3 to 5 
Gm foi 7 patients and 5 to 10 Gm foi S patients 

SUMMARY OF FIFTEEN CASES Or ALKALOSIS OCCURRING DURING 

ANTACID THERAPY 

Case 1 — A F , a 31 year old man with a stenosmg duodenal ulcer, was found on admis- 
sion to have a serum carbon dioxide of 33 milhmols per liter The blood urea nitrogen and 
the urea clearance were normal There was moderately severe secondary anemia Gastric 
contents obtained by aspiration averaged 457 cc daily Mild alkalosis was detected on the 
thirteenth day of treatment, the urea clearance decreased moderately during the acid-base 
disturbance The serum electrolytes and the renal function returned to normal aftei the 
daily intake of sodium chloride (5 to 8 Gm ) had been increased to 10 Gm 

Case 2 — A J , a 43 year old man, received a total of 2,897 Gm of calcium carbonate 
m forty-eight days Gastric aspirations over a period of forty-one days a\ eraged 400 cc 
daily Mild chemical alkalosis was noted on the twentieth day of therapy, the uiea clear- 
ance was normal The intake of sodium chlonde (3 to 5 Gm ) was increased to 10 Gm daih, 
and the acid-base balance returned to normal m se\en days 

Case 3 — G K, a 39 year old man with diabetes and a large gastric ulcer, w-as first 
treated by continuous Wangensteen aspiration of the gastric contents for six days The serum 
electrolytes were maintained by parenteral injections of physiologic solution of sodium chloride 
A total of 1,305 Gm of calcium carbonate was administered in the succeeding forty -foui 
days, 10 Gm of sodium chloride was given by mouth daily The blood urea nitrogen and 
the urea clearance were normal prior to alkali therapy Mild chemical alkalosis was 
noted on the thirteenth and the twenty-third day of hospitalization (the se\ enth and the ' 
seventeenth day of alkali therapy) The blood urea nitrogen and the urea clearance remained 
normal, however Despite the continuation of alkali therapy the acid-base balance returned 
to normal 

Case 4 — S M , a 43 year old man, received a total of 588 Gm of calcium carbonate 
in twenty days Gastric contents obtained by aspiration over a period of eighteen da\s a\ eraged 
400 cc daily The original value for urea clearance was slighth reduced Moderate alkalosis 
was noted on the sixth day of treatment, the patient had been lomiting for two dais 
previously The acid-base disturbance became severe on the twelfth day, the blood urea 
nitrogen increased to 17 4 mg per hundred cubic centimeters, and the urea clearance fell 
to 43 per cent of average normal The daily intake of sodium chloride (4 to 8 Gm ) w as 
increased to 10 Gm, and on the fourteenth day 200 cc of a 2 per cent solution of sodium 
chloride w j as given intravenously, calcium carbonate therapy was continued The serum elec- 
trolytes and the blood urea nitrogen returned to normal in seven days, the urea clearance 
simultaneously returned to its original level 

Case 5 — L L , a 45 year old man with hypertension, w 7 as placed on antacid therapy ten 
days before entry into the hospital and on admission w ; as found to be m a state of mild 
alkalosis The blood urea nitrogen three weeks previously had measured 21 4 mg per hundred 
cubic centimeteis, the urea clearance was not determined The alkalosis became moderately 
severe after six days, at which time the blood urea nitrogen had risen to 50 mg per hundred 
cubic centimeters and the urea clearance had decreased to 20 per cent of average normal 
Gastric contents obtained by aspiration over a period of fourteen days had averaged 328 cc 
daily The intake of sodium chloride (3 to 5 Gm ) w T as increased to 10 Gm daily, and 

5 per cent dextrose m physiologic solution of sodium chloride was given parenterally for 
two days, calcium carbonate therapy was continued The acid-base balance was lestored 
approximately to normal in five days Three and one-half months later, despite continued 
alkali therapy, the serum electrolytes w^ere normal, the blood urea nitrogen measured 10 8 mg 
per hundred cubic centimeters, and the urea clearance was 65 per cent of average normal 

Case 6 — D H S , a 53 year old man with hypertension, had experienced a massive 
hemorrhage from a duodenal ulcer shortly before admission to the hospital He was markedly 
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chlonde, but this did not equal the intake These data aie m agieement with 
the observations of Gyorgy 0 in his study of excietion of acid by infants after the 
administration of sodium chlonde 

It should be noted that in se\eial patients of the piesent senes sodium chloride 
theiapy was appaiently not only inadequate to foiestall the development of alkalosis 
hut insufficient to correct the acid-base distuibance It is possible that to these few 
patients insufficient amounts of salt weie given and also that the excretion of 
bicarbonate m the mine was retarded by antecedent impairment of renal function 

CONCLUSIONS 

Administration of sodium chlonde dunng “Sippy” tieatment with calcium 
carbonate deci eased the incidence of alkalosis from 30 to 10 pei cent 

This type of alkalosis is due to the loss of chlonde (gastric aspiration) and 
can be prevented by the admmistiation of sufficient amounts of sodium chlonde 

950 East Fifty-Ninth Street 

9 Gyorgy, P Zur Frage der Saureausscheidung im Urm, Ztsclir f d ges exper 
Med 43 443, 1924 
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alkalosis was noted on the second day The alkalosis became severe on the tvv eniy-sixth day 
At this time, the blood urea nitrogen rose to 97 mg per hundred cubic centimeters and the 
urea clearance diminished to 7 per cent of average normal (renal function had been impaired 
originally) Gastric contents obtained by aspiration between the twenty-first and the thirty- 
first day averaged 502 cc daily The serum electrolytes returned to normal after the daily admin- 
istration of 3,000 cc of 5 per cent dextrose in physiologic solution of sodium chloride and of 
saline solution alone Alkali therapy and gastric aspiration were discontinued on the thirty- 
first day of hospitalization The blood urea nitrogen gradually decreased to 12 8 mg per 
hundred cubic centimeters, and the urea clearance one month later rose to 60 per cent of 
average normal, its original level 

Case 12 — F C, a 48 year old man with hypertension, was admitted to the hospital with 
a massive hemorrhage from a duodenal ulcer A total of 734 Gm of calcium carbonate 
was given in twenty-nine days Gastric contents obtained by aspiration averaged 168 cc. dailv 
Before treatment urea clearance was slightly below normal Symptoms suggestive of alkalosis 
were noted on the twenty-fourth day of hospitalization, at which tune the daily' intake of 
sodium chloride (3 to 6 Gm ) was increased to 10 Gm Mild chemical alkalosis was noted 
on the twenty-sixth day, and 1,500 cc of physiologic solution of sodium chloride was gnen 
parenterally Calcium carbonate therapy was discontinued on the thirtieth day, at which time 
the blood urea nitrogen measured 31 2 mg per hundred cubic centimeters and the urea clear- 
ance 15 per cent of average normal The blood urea nitrogen returned to normal and the 
urea clearance to its original level several weeks later 

Case 13 — L B, a 48 year old man, had been vomiting frequently for six to seven 
months The urea clearance was not determined before alkali therapy was begun Gastric 
contents obtained by aspiration over a period of twenty days averaged 300 cc daily Severe 
alkalosis was noted on the ninth day of therapy, the daily intake of sodium chloride was 
increased from 5 to 8 Gm , with prompt clinical relief 

Case 14 — H F, a 55 year old man, had vomited frequently before hospitalization Large 
amounts of gastric contents were aspirated daily The original value for urea clearance was 
low Mild alkalosis was noted on the eleventh day' The intake of sodium chloride was main- 
tained at a level of 10 Gm daily There were no clinical symptoms The acid-base balance 
was not determined subsequently 

Case 15 — J G, a 44 year old man with normal renal function, was found to have mild 
chemical alkalosis on the eighth day of alkali therapy The serum electrolytes were not 
measured subsequently' There were no clinical symptoms 

COMMENT 

The lesults of this investigation indicate that alkalosis complicating “Sippy’’ 
tieatment with calcium carbonate can be pi evented in almost all patients by the 
concurrent administration of adequate amounts of sodium chloride The therapeutic 
action of sodium chloride is probably attributable (a) to the replacement of chloride 
ion lost by the aspiration of gastric contents and (b) to the mci eased excretion of 
base bicarbonate m the urine at the expense of the blood bicarbonate after the 
administration of salt The experimental observations of Schoenthal 7 are of 
particular importance in this connection Hartmann and Smyth 8 had shown 
previously that m the presence of an increased level of plasma bicarbonate secondar} 
to loss of chloride the administration of sodium chloride leads to the excretion of 
bicarbonate in the urine Schoenthal gave 6 healthy infants 6 to 10 Gm of sodium 
chloride daily, distributed equally in the feedings over a penod of one to foui days 
An increase in the chloride concentration of the serum of 6 to 15 pei cent was 
observed m all infants The plasma bicarbonate decreased moderately m 4 infants, 
and the reaction of the plasma of 3 infants tended to shift toward the acid side The 
excretion of base bicarbonate m the urine was usually increased and accompanied 
by a rise m p h, as shown in table 5 There was natuially an increase in the unnary 

7 Schoenthal, L Acid-Base Metabolism Effects of Administration of Salt and of 
Restitution of Water, Am J Dis Child 37 244 (Feb ) 1929 

8 Hartmann, A F, and Smyth, F S Chemical Changes m the Body Occurring as 
a Result of Vomiting, Am J Dis Child 32 1 (July) 1926 
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pyridoxme, pantothenic acid and ascoibic acid, when administered for foui to six 
weeks, did not have any effects, favoiable or otherwise, on bnef exlieme exeicise, 
on prolonged seveie exercise and in semistarvation on the musculai ability of 
these previously vv ell noui ished pel sons It was found that the young men expend- 
ing an average of 4,200 calories per day weie not benefited by a daily supply of 
moie than 1 7 mg of thiamine hydrochloi ide, 2 4 mg of uboflavin and 70 mg of 
ascoibic acid The investigators concluded that no useful purpose would be served 
by ennchment of the piesent gairison lations of the United States Aimy with 
the -vitamins studied 

In the industrial field Schnedoif and his associates' 5 weie unable to find much 
evidence for vitamin deficiency disease in a suivey of 1,265 healthy men On 
the othei hand, preliminaiy suiveys made by a committee of the National Reseaich 
Council 4 levealed deplorable conditions among peisons engaged in wai vvotk m 
many plants The following recommendations were made 

1 Nutritious meals of natural foods at prices the workers are accustomed to and can affoid 
to pay should be made available in all plants engaged in production for war or defense pur- 
poses, except in small plants where the worker may obtain such meals from private sources 
in the free time at his disposal Any meal served in the plant should contribute at least one- 
third of the daily requirements of specific nutrients recommneded by the Food and Nutrition 
Board of the National Research Council 

2 The practice of serving food between meals to woikers has given good results and is 
recommended Milk, fruit and tomato juices are to be preferred as beverages, and other foods 
which are served should include the necessary nutrients Thus, when biead is seived it should 
be enriched white bread or a whole grain product 

3 Choice of foods served m the plant should be determined b> a trained dietitian or 
nutritionist Brief study of workers’ diets will enable the dietitian to make up menus calcu- 
lated to compensate for the ordinarv inadequacies The employment of a dietitian or nutritionist 
bj the plant is recommended In cases where this is not feasible, advice may be obtained from 
the state or local Committee on Nutrition 

4 Suitable educational material should be presented in connection with cafeteria scivice or 
supplementary lunches to stimulate acceptance of the meals planned oi the selection of good 
meals when there is a choice of foods Such material should be so planned as to lead to 
the development of good health habits and should avoid undue emphasis on any particular food 

5 Measures should be taken by the appropriate subdivision of government to condition 
nutritionally those classes of the population which are likely to become workers in war or 
defense industries Such nutritional conditioning might well be carried out among oigamzed 
groups such as are found in CCC camps, NYA, WPA and Defense Training Schools The 
large percentage of young men found to be unfit for service in the armed forces emphasizes 
the need for such conditioning, for employment m war industries may be just as strenuous 
and in far less favorable environment than service in the armed forces Such work, aheadv 
under way m this country, should be greatly extended 

The observation was repoi ted 5 that admmisti ation of the vitamin B complex 
improved the working capacity in occupations m which fatigue, attnbutable to 
fatigue of the central nervous system, occuired Howevei, the Council on Foods 
and Nutrition and the Council on Industrial Health of the Amencan Medical 
Association pointed out 0 that satisfactory evidence is lacking of the wisdom of 
the general practice of mdustnal concerns of indisci lnunately piovidmg all of their 

3 Schnedorf, J G , Weber, C J , and Clendening, L A Vitamin Survey of Normal 
Industrial Workmen, Am J Digest Dis 9 188-191 (June) 1942 

4 The Food and Nutrition of Industrial Workers in Wartime, Committee on Nutrition in 
Industry, National Research Council, Reprint and Circular Series, no 110, April 1942 

5 Simonson, E , Enzer, N , Baer, A, and Biaun, R The Influence of Vitamin B 
(Complex) Surplus on the Capacity for Muscular and Mental Work, J Indust Hvg & Toxicol 
24 83-90 (April) 1942 

6 Indiscriminate Administration of Vitamins to Workers in Industry, report of the Council 

on Foods and Nutrition and the Council on Industrial Health, TAMA 118 618-6? 1 
(Feb 21) 1942 ' 
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Because of the piessuie of woik occasioned by the war this yeai’s levieu on 
diseases of nutntion must be abbieviated It represents, m fact, little moie than 
a compilation of casual leading in the field Important items undoubtedly have 
escaped attention 

We aie happy to be able to infoim our leadeis of the appearance in Notembei 
1942 of the first issue of a new journal called Nutntion Reviczvs This publication 
has been undei taken by the lecently created Nutrition Foundation, Inc , New Yoik 
The editorial staff: of the new journal has been carefully selected and justifies the 
confidence of membeis of the medical piofession and other persons engaged in 
application of nutntional knowledge Issues will appeal monthly It is pioposed 
to bridge the gap between substantial leseaich findings and then acceptance on 
the part of those peisons who have responsibility for application of the best of 
what is new The 1 eviev s must be critical in then appraisals of matenal if this 
purpose is to be accomplished, and to judge from the contents of the fiist issue 
cntical appiaisal can be expected The subscnption puce is nominal Much of 
the hteiatuie on nutation is not to be found in journals which customanh are 
available to physicians The issues of Nuti ition Reviews as they appear aie intended 
to provide authoritative, unbiased, edi tonally intei preted leviews of the woild’s 
progiess in the science of nutrition and since tins science applies to almost eiery 
field of medicine, Nutntion Reviezvs should be a welcome addition to the hbiaues 
of physicians 

GENERAL PROBLEMS 

With the coming of wai the nutntional problems of the aimed foices, the 
industrial workers and the geneial populace have assumed critical impoitance The 
nutritional problems of the Army have received much attention 1 In an excellent 
paper Keys and Henschel 2 lepoited a compi ehensive study made on a group of 
soldieis fiom the United States Army to deteimme the effect of vanous vitamin 
supplements on muscular ability, enduiance, resistance to fatigue and recot ery 
from fatigue It was found that thiamine, riboflavin, niacin (nicotinic acid). 

From the Division of Medicine (Dr Butt and Dr Wilder), the Mayo Clinic 

1 Tobej', J A The Army’s Nutritional Problems, War Med 2 437-444 (May) 1942 
Howe, P E Nutritional Problems of the Army, Mil Surgeon 90 253-266 (March) 1942 
Epstein, M H The Nutrition of the Soldier, ibid 89 872-877 (Dec ) 1941 

2 Keys, A, and Henschel, A F Vitamin Supplementation of U S Army Rations in 
Relation to Fatigue and the Ability to Do Muscular Work, J Nutrition 23 259-269 (March) 
1942 
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to human beings, S8 to 96 per cent of it failed to be accounted for m the blood and 
the feces However, after ingestion of laige doses of vitamin A a substance was 
found m the blood and the feces which seemed to be a closely 1 elated oxidation 
product 13 

Feller and his associates, 14 m a cutical study of the influence of vitamin A and 
vitamin C on immunologic reactions in human beings, found little to suppoit the 
view that vitamin A or ascorbic acid affects so-called "resistance to infection ” 

Methods of Mcasuung Vitamin A Deficiency— The controveisy on the value 
of measuring deficiency of vitamin A by daik adaptation tests continues Hon ever, 
the opinion that the test of adaptation to daikness does not sharply identify cases 
of mild Mtamin A deficiency is gaming favoi 15 With lefinements in methods of 
measuiing vitamin A in the blood have come studies which indicate that this method 
is more sensitive as an indicator of vitamin A deficiency It seems to be promising, 
although more data are needed to establish the lange of normal and of abnoimal 
values 10 Yudkin 17 leported that both alcohol and amphetamine sulfate may 
produce tiansient lmpiovement in adaptation to darkness without any coi responding 
increase in the concentration of vitamin A m the blood Kruse 1CC refutes the charge 
that changes in adaptation to daikness preceded conjunctival changes noted by him 
m many cases of vitamin A deficiency In more than 100 persons who did not have 
impaired adaptation to daikness he observed gioss or nncioscopic changes in the 
conjunctivas These changes slowly disappeaied after administration of vitamin A 
As was mentioned in last yeai’s leview, Kiuse maintained that under ordinal y 
conditions conjunctival changes piobably piecede dysadaptation in avitaminosis A 

Clinical Deficiencies — A summary of the clinical conditions associated with 
v itamm A deficiency w as published by Mandelbaum 15 Administration of vitamin 
A m doses of 25,000 to 50,000 international units daily for thiee to eight weeks 
was leported to have enabled color-blind patients to pass a standard color vision 
test m which they previously had failed 10 The permanence of this improvement 
remained to be detei mined The levels of vitamin A m the plasma of patients with 
cancer of the gasti ointestinal tract were found to be below the nonnal range in 86 

13 LePage, G A, and Pett, L B Absorption Experiments with Vitamin A, J Biol 
Chem 141 747-761 (Dec ) 1941 

14 Feller, A E , Roberts, L B , Ralli, E P, and Francis, T, Jr Studies on the Influ- 
ence of Vitamin A and Vitamin C on Certain Immunological Reactions in Man, J Clin 
Investigation 21:121-137 (March) 1942 

15 (a) Oldham, H , Roberts, L J , MacLennan, K, and Schultz, F W Dark Adapta- 

tion of Children in Relation to Dietary Levels of Vitamin A, J Pediat 20 740-752 (June) 
1942 ( b ) Hunt, E P , and Hayden, K M Medical Evaluation of Nutritional Status IX 

The Reliability of Visual Threshold During Dark Adaptation as a Measure of Vitamin A 
Deficiency in a Population Group of Low Income, Milbank Memorial Fund Quart 20 139-168 
(April) 1942 (c) Kruse, H D Methods of Detecting Mild Cases of Vitamin A Deficiency, 

Science 95 623-624 (June 19) 1942 

16 Bodansky, O , Lewis, J M, and Haig, C The Comparative Value of the Blood 
Plasma Vitamin A Concentration and the Dark Adaptation as a Criterion of Vitamin A 
Deficiency, Science 94 370-371 (Oct 17) 1941 Lewis, J M , Bodansky, O , and Haig, C 
Level of Vitamin A m the Blood as an Index of Vitamin A Deficiency m Infants and in Chil- 
dren, Am J Dis Child 62 1129-1148 (Dec) 1941 Yarbrough, M E, and Dann, W J 
Dark Adaptometer and Blood Vitamin A Measurements in a North Carolina Nutrition Survey 
J Nutrition 22:597-607 (Dec ) 1941 

17 \ udkm, S Vitamin A and Dark- Adaptation Effect of Alcohol, Benzedrine and 
Vitamin C, Lancet 2 787-791 (Dec 27) 1941 

18 Mandelbaum, J Vitamin A Some Clinical Considerations, M Clin North America 
26 965-984 (May) 1942 

19 Dunlap, K , and Loken, R D Vitamin A for Color-Blindness, Science 95 554 (Mav 
29) 1942 
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employees with vitamins This report emphasized the need foi avoidance of the 
indiscriminate mass use of vitamins, a practice which supports commercial exploita- 
tion rather than scientific rational use of these lmpoi tant dietary factors 

The civilian population is beset with nutntional problems From a rather 
extensive survey Jolliffe, McLester and Sherman 7 concluded that dietary inade- 
quacies and malnutrition of varying degrees are of frequent occurrence m the 
United States and that the nutritional status of an appreciable pait of the population 
can be distinctly improved They pointed out that if optimal nutation, not merely 
adequate nutrition, is sought, then widespread improvement is possible 

As clearly pointed out by Ruffin, 8 both the public and the members of the 
medical profession have become overenthusiastic on the subject of vitamins, and 
there is a rapidly growing tendency today to attribute most of the ills of the human 
race to vitamin deficiency This author emphasized that when specific deficiencies 
occur, lesponse to specific theiapy is lapid, and if the patient does not show any 
improvement after three or four weeks of treatment, there seems little justification 
m allowing him to buy prepaiations of vitamins, especially those containing the 
vitamin B complex In Ins experience treatment of patients suspected of having 
a mild deficiency with single members of the vitamin B complex have been most 
disappointing In a recent editorial 9 the use of many so-called “shotgun” vitamin 
prepaiations was condemned On the othei hand, the Council on Foods and 
Nutrition of the Amencan Medical Association 10 has approved and will accept 
for listing in New and Nonofficial Remedies multnitamin preparations m which 
the proportions of the vaiious vitamins included beai a direct relation eithei to the 
minimal requirements piomulgated by the Food and Drug Administration oi to 
the lecommended daily allowances of the Food and Nutrition Board of the National 
Research Council A multivitamin prepaiation used by the armed forces as a 
dietary supplement in emergencies, when lations may be inadequate, contains 
vitamin A 2,500 international units, vitamin D 200 U S P units, vitamin Bj 
1 mg, riboflavin 1 5 mg, niacin amide 10 mg and ascoibic acid 37 5 mg These 
values represent approximately half the daily recommended allowances of the Food 
and Nutrition Board for men consuming 3,000 calones of food 

During the past yeai several review's on various phases of nutrition ha\e 
appeared and bear reading 11 

t ITAMIN A 

Chemistiy and Physiology — The excietion of vitamin A appeals to be highly 
selective Law'rie and his associates 12 reported that vitamin A is associated in urine 
with only minute amounts of lipoids In human urine vitamin A is absent in health 
but present in association with some pathologic conditions, particular}' pneumonia, 
chronic nephritis and nephrosis In pneumonia the daily excretion of vitamin A 
sometimes exceeds 3,000 international units When vitamin A w r as given orally 

7 Jolliffe, N , McLester, J S, and Sherman, H C The Preialence of Malnutrition, 
J A M A 118 944-950 (March 21) 1942 

8 Ruffin, J M The Diagnosis and Treatment of Mild Vitamin Deficiencies A Clinical 
Discussion, JAMA 117 1493-1496 (Nov 1) 1941 

9 Shotgun Vitamins Rampant, editorial, JAMA 117 1447 (Oct 25) 1941 

10 The Proper Use of Vitamins in Mixtures, report of the Council on Pharmacy and 
Chemistry and Council on Foods and Nutrition, JAMA 119 948-949 (July 18) 1942 

11 Williams, R J The Approximate Vitamin Requirements of Human Beings, JAMA 
119 1-3 (May 2) 1942 Starr, P The Value of Vitamins in Surgical Practice Collective 
Reviews, Internat Abstr Surg 74 309-322 (April) 1942 Jeghers, H Nutrition, New 
England J Med 225 687-697 (Oct 30) 1941 Gyorgy, P The Water-Soluble Vitamins, 
Ann Rev Biochem 11 309-364, 1942 

12 Lawrie, N R Moore, T, and Rajagopal, K R Excretion of Vitamin A in Urine, 
Biochem J 35 825-836, 1941 
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leukemia is not followed by any mciease in the pyiimidme content of leukocytes, 
although noi mal amounts of both thiamine and pyiimidme aie excieted in the 

mine 28 . 

Appiaisals of methods foi measuiing thiamine in blood and in urine and a 

discussion of then possible value m detei mining the nututional status of human 

beings ueie published m the last } ear ~ 9 

Raw cow's milk contains 41 to 48 miciogiams of thiamine hydiochlonde pel 
hundied cubic centimeteis, pasteui ization leads to losses of 10 to 20 pei cent 
Evapoiated milk contains 18 to 2/ miciogiams pei hundred cubic centimeteis 
Early m the lactatmg penod human milk contains much less thiamine than cow’s 
milk so The thiamine content gradually mci eases until about the twelfth week of 
the penod, after which it lemains almost constant 31 It also has been lepoited 32 
that thiamine is excieted m sweat A man may lose fiom 2 to 3 Kg of weight 
daily m sweat without visible peispnation and thus may lose a significant amount 
of thiamine It was suggested that a pei son perfoimmg haid laboi in a high 
envnonmental tempeiature may lose enough thiamine to have seuous consequences 
Development of a syndi ome simulating Wernicke’s disease has been encounteied 
m foxes fed a diet containing law caip Fuither study of the pioblem revealed 
that this is due to inactivation of a specific vitamin by a constituent of caip The 
substance appaiently is not piesent in the muscle of the caip but m the skin, scales, 
skeleton, head and viscera It is destroyed by cooking Large amounts of thiamine 
must be mixed with the raw fish to pi event the syndrome, but if the tlnamme 
is given at a time when it wall not be mixed with the fish, either in the feed pan or 
in the gastrointestinal tiact, only a small amount is needed to pi event development 
of the syndrome The possibility that other dietaiy constituents may destioy a 
gnen vitamin or m some tv ay cause a noimally adequate supply of that vitamin 
to become insufficient demands consideiation both m human and m veterinary 
medicine 33 Macht and Spencei 34 descubed interactions between cobra venom and 
tlnamme 

Clinical Studies — Severe restnction of thiamme is associated with piogiessive 
inactivity, apathy, deiangement of metabolic processes and loss of weight finally 


28 Abels, J C , Gorham, A T , Craver, L, and Rhoads, C P The Measurement and 
Metabolism of Thiamin and of a Pyrimidine Stimulating Yeast Fermentation Found in the Blood 
Cells and Urine of Patients with Leukemia, J Clin Investigation 21 177-189 (March) 1942 

29 Harris, L J , and Wang, Y L Vitamin Methods I An Improved Procedure for 
Estimating Vitamin Bi in Foodstuffs and Biological Materials by the Thiochrome Test Includ- 
ing Comparisons with Biological Assays, Biochem J 35 1050-1067, 1941 Egana, E, and 
Meiklejohn, A P The Estimation of Thiamme in Urine, J Biol Chem 141 859-870 (Dec ) 
1941 Youmans, J B , Patton, E W , and Sutton, W R The Clinical Significance of Blood 
Thiamin (Fermentation Method) Values, Tr A Am Physicians 56 377-383, 1941 Kirch, 
E R, and Bergeim, O The Chemical Determination of Thiamme, J Biol Chem 143 575- 
588 (May) 1942 Stotz, E, and Bessey, O A The Blood Lactate-Pyruvate Relation and 
Its Use in Experimental Thiamme Deficiency in Pigeons, ibid 143 625-631 (May) 1942 
Mason, H L , and Williams, R D The Urinary Excretion of Thiamme as an Index of the 
Nutritional Level Assessment of the Value of a Test Dose, J Clm Investigation 21 247-255 
(March) 1942 

30 Kendall, N Thiamin Content of Various Milks, J Pediat 20 65-73 (Jan ) 1942 

31 Slater, E C, and Rial, E J The Thiamin (Vitamin Bi) Content of Human Milk 

M J Australia 1 3-12 (Jan 3) 1942 ’ 


32 Hardt, L L, and Still, E U Thiamin in Sweat, Proc Soc Exper Biol & Med 
48 704-707 (Dec ) 1941 1 


33 Green, R G , Carlson, W E , and Evans, C A The Inactivation 
Diets Containing Whole Fish, J Nutrition 23 165-174 (Feb ) 1942 
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pei cent 20 Although administration of yeast and of hpocaic, which aie free of 
carotenoids, raised the levels of vitamin A in the plasma of these patients, hepatic 
dysfunction was not believed to be the cause of the low levels 21 Absorption of 
vitamin A by patients who have pulmonary tuberculosis also is impaired, 22 but the 
derangements of function responsible are not known 

The intimate and important role of the livei in metabolism of vitamin A con- 
tinues to be emphasized 23 It has long been known that an injured hepatic 
parenchyma contains less vitamin A than normal hepatic parenchyma and is less 
able to handle carotenoid metabolism It is reported that abnoimal adaptation to 
darkness was exhibited in 90 per cent of a group of 20 cases of cirrhosis of the 
liver, although clinical night blindness w r as present m only 16 per cent 24 The level 
of vitamin A in the blood of 90 per cent of patients with cirihosis of the liver and 
of carotenoid in the blood of 50 per cent of them w f as below the lowest normal 
values 25 A large dose of vitamin A (100,000 international units) administered to 
a patient with cirihosis of the liver is said to be followed by a smaller use in the 
plasma level of vitamin A than occuis m a normal subject 20 A test of this type 
may serve as an index of vitamin A deficiency in a patient with disease of the liver 

THIAMINE 

Chemical and Physiologic Pi op cities — The aveiage level of thiamine in the 
normal leukocyte was reported to be ten times that m the normal erythi ocyte 27 
a distribution similar to that of riboflavin and of ascorbic acid The gi eater con- 
centiations in leukocytes may be explained by the fact that these cells are more 
actively metabolizing tissue than the other components of blood An increase in 
urinary excretion of pyrimidine follows the parenteral administration of thiamine, 
and it is believed that this substance is derived from thiamine Evidence also 
was piesented to show that thiamine is broken down to pyrimidine in the course 
of its metabolism in leukocytes After mtiavenous administration of thiamine to 
normal persons a significant mciease in the concenti ation of pyrimidine m the blood 
cells and the unne occuis However, administration of thiamine to persons with 

20 Abels, J C , Gorham, A T , Pack, G T , and Rhoads, C P Metabolic Studies in 

Patients with Cancer of the Gastro-Intestinal Tract I Plasma Vitamin A Levels in Patients 

with Malignant Neoplastic Disease, Particularly of the Gastro-Intestinal Tract, J Clin Inves- 
tigation 20 749-764 (Nov ) 1941 

21 Abels, J C , Gorham, A T , Pack, G T , and Rhoads, C P Metabolic Studies m 

Patients with Gastrointestinal Cancer III The Hepatic Concentrations of Vitamin A, Proc 

Soc Exper Biol & Med 48 488-492 (Nov ) 1941 

22 Breese, B B , Jr , Watkins, E, and McCord, A B The Absorption of Vitamin A 
m Tuberculosis, J A M A 119 3-4 (May 2) 1942 

23 Haig, C, and Post, J Vitamin A Concentration m Rat Liver During Rcco\er\ from 
CCh Cirrhosis, Proc Soc Exper Biol & Med 48 710-714 (Dec ) 1941 

24 Wohl, M G , and Feldman, J B The Occurrence of Avitaminosis A in Diseases of 
the Liver, Am J Digest Dis 8 464-469 (Dec ) 1941 

25 Haig, C, and Patek, A J, Jr Vitamin A Deficiency m Laennec’s Cirrhosis The 
Relative Significance of the Plasma Vitamin A and Carotenoid Levels and the Dark Adaptation 
Time, J Clin Investigation 21 309-317 (May) 1942 Stewart, J D, and Rourke, G M 
Vitamin A Content of Plasma and Hepatic Tissue Biopsied at Operation Effects of Pre- 
operatne Therapy in Obstructive Jaundice, Surgery 11 939-948 (June) 1942 Oldham, Roberts, 
MacLennan and Schultz 15 a 

26 Ralli, E P , Bauman, E , and Roberts, L B The Plasma Levels of Vitamin A After 
the Ingestion of Standard Doses Studies in Normal Subjects and Patients with Cirrhosis of 
the Liver, J Clin Investigation 20 709-713 (Nov ) 1941 

27 Gorham, A T , Abels, J C , Robins, A L , and Rhoads, C P The Measurement and 
Metabolism of Thiamin and of a Pyrimidine Stimulating Yeast Fermentation Found in the 
Blood Cells and Urine of Normal Individuals, J Clin Investigation 21 161-176 (March) 1942 
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A review of the literature on untoward leactions to thiamine hydiochloride was 
published recently, and 2 more cases of sensitivity to this compound were added 
to the literature 45 It is intei esting that in these cases the patients weie able to 
tolerate the vitamin when it was administered orally and yet showed definite 
allergic reactions aftei parenteral administration It has been suggested that 
cutaneous testing of patients about to receive thiamine hydrochloride parenterally 
be made as a precautionary measuie Howevei, the report by Kalz 40 did not fully 
confirm this advice Kalz injected thiamine hydrochloride mtradermally into 30 
patients and a histamme-like reaction consisting of an urticarial wheal with a sur- 
loundmg erythematous area fiom 3 to 6 cm in diameter occurred in all. It was 
suggested that thiamine hydiochloride is an obligate wdieal-producmg substance 
and therefore positive intradermal tests with it are not conclusive proof of an 
individual subject’s sensitivity 

NIACIN 

Chemistry and Physiology — The Food and Nutrition Boaid of the National 
Research Council recently selected macm and macm amide as suitable synonyms 
for nicotinic acid and nicotinic acid amide The Council on Foods and Nutrition 
of the American Medical Association accepted these synonyms 47 

Trigonelline and nicotinunc acid are the tw r o known end products of the 
metabolism of nicotinic acid encounteied m urine of human beings In an excellent 
study by Sarett and his associates 48 10 mg of known macm derivative tvas found 
in the urine daily, regardless of diet After oral administration of a 200 mg dose 
of niacin 25 to 90 mg could be accounted for by the increase of 55 to 84 per cent 
m urinary trigonelline and of 16 to 45 per cent in urinary nicotinunc acid Interest- 
ingly enough, trigonelline is not utilized by human beings when taken oi ally and is 
excreted almost completely without change About 60 per cent of nicotinunc acid 
ingested is excreted unchanged and without an accompanying increase m trigonelline 

Further studies on the metabolism of niacin have been made by Najjar and 
associates, 49 who described the presence m the urine of certain fluorescent substances 
which varied in a characteristic way in pellagra One of these, designated “F t ,” 
occurred in lelatively small amounts m normal urine but m large quantities m the 
urine of pellagrins The second substance, designated “F,,” present m normal mine 
was increased m amount when macm was administered The second substance 
was not encountered usually in the urine of pellagrins but appeared after adminis- 
tration of macm The urinary excretion of both substances w r as followed m dogs 
with experimental macm deficiency, and observations on these animals are in 
agreement with those made on human beings with pellagra Acute macm deficiency 
is followed by a disappearance of excretion of the second substance and an increase 
m excretion of the first substance, as the disease becomes chronic, even the 
excretion of the first substance tends to fall 

45 Eisenstadt, W S Hypersensitivity to Thiamine Hydrochloride, Minnesota Med 25 
861-863 (Nov) 1942 

46 Kalz, F Thiamine Hydrochloride — An Obligate Wheal Producing Agent, J Invest 
Dermat 5 135-137 (June) 1942 

47 Niacm and Nicotinic Acid, editorial, JAMA 118 823 (March 7) 1942 

48 Sarett, H P , Huff, J W, and Perlzweig, W A Studies in Nicotinic Acid 

Metabolism I The Fate of Nicotinic Acid in Man, J Nutrition 23 23-24 (Jan ) 1942 

49 Najjar, V A , Stein, H J , Holt, L E , Jr , and Kabler, C V The Excretion of 
Specific Fluorescent Substances in the Urine m Experimental Nicotinic Acid Deficiency J Clin 
Investigation 21 263-267 (May) 1942 
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ending in prostration In all cases of induced deficiency of thiamine mental and 
physical inefficiency preceded by weeks or months other more objective manifes- 
tations With further studies of this problem Williams and his associates 35 found 
the optimal intake of thiamine hydrochloride for human beings to be not less than 
0 5 mg or more than 1 0 mg for each 1,000 calories of a diet providing carbo- 
hydrates and fats m conventional pioportions 

Low concenti ations of thiamine in the blood weie encountered fiequently in 
alcoholic addicts who piesented acute peripheral neuropathy 30 Machella and 
Elsom ST did not find any essential difference m the percentage of ingested thiamine 
excreted in the urine of the control subjects and that excreted in the urine of 
patients with hepatic disease receiving a basal diet However, when such a diet 
was supplemented with thiamine, patients with hepatic disease excreted less thiamine 
than did the controls These authors suggested that impairment of intestinal 
absorption may result from hepatic disease 

A critical review of the use of thiamine in the tieatment of nerve deafness and 
tinnitus appealed 38 The authors did not find any conclusive evidence in favor 
of the use of this vitamin for this purpose Thiamine was claimed to be of some 
value in the treatment of “dry socket” 39 and oral leukoplakia, 10 and its use m 
eclampsia was suggested 41 

Observations reported by Smith and Mason 42 failed to provide any grounds 
for the assumption that the level of intake of thiamine influenced either the intensity 
of diabetes or the sensitivity to the action of insulin The relatively mild degree of 
depression of toleiance for carbohydrate which has been encountered m intact 
animals and human beings after long periods of depnvation of thiamine appears to 
represent a disturbance of metabolism unrelated to that involved in diabetes mellitus 
Such “false diabetes” is correctable by administration of thiamine , the same is not 
true of diabetes mellitus The administration of large doses of vitamin B complex foi 
sixteen weeks to diabetic patients was lepoited not to have had any discernible 
effect on the seventy of the disease, 43 and thiamine has been found not to be of any 
help m ti eatment of protracted diabetic coma oi insulin shock 44 

35 Williams, R D , Mason, H L , Smith, B F, and Wilder, R M Induced Thiamine 
(Vitamin Bi) Deficiency and the Thiamine Requirement of Man Further Observations, Arch 
Int Med 69 721-738 (May) 1942 

36 Goodhart, R The Thiamin Content of Human Blood and Urine as Determined by 
the Fermentation Method, J Clin Investigation 20 625-630 (Nov ) 1941 

37 Machella, T E, and Elsom, K O Studies of the B Vitamins in the Human Subject 
Uriharj Excretion of Ingested Thiamine m Patients with Chronic Hepatic Disease, Am J M 
Sc 202 512-516 (Oct) 1941 

38 Shambaugh, G E, Jr, and Jennes, M L Therapy of Nerve Deafness and Tinnitus 
Aunum Use of Large Doses of Thiamine Hydrochloride and Evaluation of Results, with a 
Source of Possible Error in Interpretation of Improvement, Arch Otolaryng 35 513-522 
(April) 1942 

39 Osterloh, J P Thiamine Hydrochloride in the Treatment of “Dry Socket,” J Am 
Dent A 29 1445-1446 (Aug 1) 1942 

40 Abels, J C , Rekers, P E , Martin, H , and Rhoads, C P The Relationship 
Between Dietary Deficiency and the Occurrence of Papillary Atrophy of the Tongue and 
Oral Leukoplakia, Cancer Research 2 381-393 (June) 1942 

41 Nixon, W C W , Wright, M D , and Fieller, E C Vitamin Bi in the Urine and 
Placenta m Toxaemia of Pregnancy, Brit M J i 605-607 (May 16) 1942 

42 Smith, K A , and Mason, H L Thiamin and Diabetes Mellitus, Proc Staff Meet , 
Mayo Clin 15 529-532 (Aug 21) 1940 

43 Robson, G B , Cutting, W C, and Gray, H Effect of the Vitamin B Complex 
m Diabetes Mellitus, J Clm Endocrinol 2 262-263 (April) 1942 

44 Somerfeld-Ziskind, E , Ziskind, E , Dalton, L , and Buck, V Vitamin Bi Not Helpful 
in Protracted Insulin Shock, Am J M Sc 203 110-114 (Jan) 1942 
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Meller 5S lepoited that m 4 cases of postencephalitic paralysis agitans lmpiove- 
ment did not occui after tieatment with pyiidoxme but m 6 cases of idiopathic 
paialysis agitans this type of theiapy deci eased pam and ligidity and mci eased 
geneial well-being Keith 59 did not note any benefit in the treatment with 
pyiidoxme of pseudohypei ti opine muscular dystiophy among childien 

JolhfTe and Ins associates 00 have leported some success m tieatment of peisistent 
postadolescent acne vulgaus Fiom 50 to 250 mg of pyiidoxme w'as given daily 
each day m divided doses Of 37 patients, 9 w'eie cleaied of the disease and 19 veie 
impioved Of the conti ol gioup of 35 patients given starch and sugai tablets, 
7 u'ere impioved 

PANTOTHENIC ACID 

It has been suggested that pantothenic acid may be involved m the legulation 
of watei metabolism, 01 and recent experimental data suggest that this substance 
is lequned for maintaining the integrity of the adienal cortex 02 It may be of 
some interest to know that honey contains pantothenic acid 03 and that loyal jell), 
a secietion of the phaiyngeal glands of woiker honey bees, is reported to be the 
richest knoivn source of this substance On a dry basis loyal jelly contains an 
average of 511 nncrogiams of pantothenic acid pei giam, this is between two and 
<i half and six times as much as is piesent in yeast or livei 01 

A few clinical studies of pantothenic acid have appealed Wright and Wiight 00 
repoited on the unnary excretion of pantothenic acid of 29 noimal peisons The 
mean daily excretion w r as 3 42 mg in twent)-four hours These lesults compare 
favorably with those leported by Pelzar and Poitei, mentioned in last )eai’s 
review The daily urinary excietion of pantothenic acid by patients with pernicious 
anemia does not indicate impairment of absorption of this compound 00 It is know'll 
that m rats with experimentally produced hypeithyroidism admmisti ation of 
thiamine will arrest loss of weight but that lost w'eight is not regained until a 
rich source of the vitamin B complex, such as yeast, is added to the diet Dull 
and Overman 07 reported that pyridoxme and calcium pantothenate can effectively 
leplace yeast in such expenments and that, like thiamine, these substances aie 
requued m greater amounts during hyperthryroidism 

58 Meller, C L Ten Cases of Paialysis Agitans Treated with Vitamin Bo, Minnesota 
Med 25 22-24 (Jan) 1942 

59 Keith, H M Vitamin Bo (Pyridoxme Hydrochloride) in the Treatment of Pseudo- 
hypertrophic Muscular Dystrophy Among Children, J Pediat 20 200-207 (Feb ) 1942 

60 Jolliffe, N , Rosenblum, L A, and Sawhill, J The Effects of Pyridoxme (Vitamin 
Bo) on Persistent Adolescent Acne, J Invest Dermat 5 143-148 (June) 1942 

61 Figge, F H J, and Atkinson, W B Relation of Water Metabolism to Porphyrin. 
Incrustations m Pantothenic Acid-Deficient Rats, Proc Soc Exper Biol & Med 48 112-114 
(Oct ) 1941 

62 Supplee, G C , Bender, R C , and ICahlenberg, O J Interrelated Vitamin Require- 
ments Kidney Damage, Adrenal Hemorrhage and Cardiac Failure Correlated w ith Inadequacy 
of Pantothenic Acid, Endocrinology 30 355-364 (March) 1942 

63 Haydak, M H , Palmer, L S , Tanquary, M C , and Vivino, A E Vitamin Con- 
tent of Honeys, J Nutrition 23 581-588 (June) 1942 

64 Pearson, P B , and Burgin, C J The Pantothenic Acid Content of Royal Jellv Pioc 
Soc Exper Biol & Med 48 415-417 (Nov ) 1941 

65 Wright, L D, and Wright, E Q Urinary Excretion of Pantothenic Acid by 
Normal Individuals, Proc Soc Exper Biol & Med 49 80-81 (Jan) 1942 

66 Meyer, C E , Burton, I F , and Sturgis, C C Pantothenic Acid Absorption m 
Pernicious Anemia, Proc Soc Exper Biol & Med 49 363-365 (March) 1942 

67 Drill V A and Overman, R Increased Requirements of Pantothenic Acid and 
Vitamin B c During Experimental Hyperthyroidism, Am J Physiol 135 474-477 (Jan ) 1942 
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Further studies on the distnbution of macm in foods weie reported 50 All 
animal tissue contains macm, but the liver and the kidney are the nchest souices 01 
Cooking and commeicial piocessing apparently cause some loss of the vitamin 
New methods foi measunng niacin in animal tissues and blood weie repented, 52 
and a method for detei mining macm deficiency m human beings was descnbed 53 

Clinical Use — Manson-Bahi G4 advanced the hypothesis that the syndiome of 
sprue is mainly the result of nonabsoiption oi destiuction of factois of wtamin B ; 
complex m the small intestine He admmisteied oially 150 mg of macm each 
day for fourteen days of each month for six months At the end of this time the 
patient was nnpioved maikedly Intensive parenteial hvei theiapy was continued, 
however, m conjunction with this specific treatment 

It is well known that macm has a vasodilating action and because of this fact 
its use in the tieatment of asthma has been suggested 55 Twenty-one patients in 
asthmatic paroxysms leceived intiavenously 0 1 Gm of macm, and of these 21, 
11 had lelief within thiee to five minutes after the injection The relief seemed 
to coincide with the appearance of a flush, which is a common reaction following 
pai enteral use of macm The duiation of the relief lasted from a few to fifteen 
houis Nine patients weie given oral doses of 0 2 Gm before each meal Five of 
these 9 patients were benefited 

RIBOIXAVIN 

No new important clinical advances m knowledge of this vitamin have come to 
oui attention Machella se leported healing of cheilosis in 9 of 13 patients iccening 
pyndoxine The remaining few r patients failed to respond either to riboflavin or to 
pyndoxme, but 1 of them lesponded to nicotinic acid Other investigatoi s also 
have noted that cheilosis in some cases heals only when the entire vitamin B complex 
m the form of hvei extract and brewers’ yeast is supplied These obsenations 
indicate that cheilosis is not necessarily a manifestation of nboflavin deficiency alone 

New laboratoiy methods for measuring nboflavin deficiency in human beings 
appeared within the year 57 

PI RIDOXINE 

The controversy concerning the effectiveness of pyndoxine in the tieatment of 
neui omusculai diseases is lessening The results of treatment are not encoui aging 

50 Teply, L J , Strong, F M , and Elvchjem, C A The Distribution of Nicotinic 
Acid in Foods, J Nutrition 23 417-423 (April) 1942 

51 Mclntire, J M , Waisman, H A , Henderson, L M, and Elvehjem, C A Nicotinic 
Acid Content of Meat and Meat Products, J Nutrition 22 535-540 (Nov ) 1941 

52 Girt, K V, and Naganna, B An Adsorption Method for the Estimation of Nicotinic 
Acid Content of Animal Tissues and Blood, Indian J M Research 29 585-590 (July) 1941 
Tones, W S Photoelectric Determination of Nicotinic Acid, J Am Pharm A (Scient 
Ed) 30 272-275 (Oct) 1941 

53 Perlzweig, W A , Sarett, H P , and Margolis, L H Studies m Nicotinic Acid 
Metabolism V A Test for Nicotinic Acid Deficiency in Man, JAMA 118 28-30 
(Jan 3) 1942 

54 Manson-Bahr, P The Treatment of Sprue with Vitamin B= and Its Bearing upon 
the Aetiology of This Disease, Tr Roy Soc Trop Med & Hyg 34 347-372 (March) 1941 

55 Maisel, F E, and Somkin, E Treatment of Asthmatic Paroxysms with Nicotinic 
Acid Preliminary Report, J Allergy 13 397-403 (May) 1942 

56 Machella, T E Studies of the B Vitamins in Human Subjects III The Response 
of Cheilosis to Vitamin Therapy, Am J M Sc 203 114-120 (Jan) 1942 

57 Jones, W S , and Christensen, W G Fluorophotometnc Determinations of Riboflavin 
J Am Pharm A (Scient Ed ) 30 270-272 (Oct ) 1941 Najjar, V A The Fluorometnc 
Determination of Riboflavin in Urine and Other Biological Fluids, J Biol Chem 141 355-364 
(Nov) 1941 Najjar, V A, and Holt, L E, Jr A Riboflavin Excretion Test as a Measure 
of Riboflavin Deficiency in Man, Bull Johns Hopkins Hosp 69 476-481 (Nov ) 1941 
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f<lopa) 2 Further oxidation of this compound is prevented by hydrogen accept- 
ance of ascorbic acid 3 Melanin is transformed by ascoibic acid into less deeply 
colored pi oducts 

Several new methods foi measui ing ascorbic acid were l eported and criticized 73 

Clmtcal Use — An excellent and complete summary of the metabolism of ascorbic 
acid m adult scurvy has been published within the yeai, 74 and a good review of 
the subject of scurvy m children also was i eported, togethei with the presentation 
of 15 new cases encounteied in children less than 12 yeais of age ‘ 5 Some authors 
have maintained that the hemonhagic features of scurvy are due to a deficiency 
of vitamin P In an attempt to settle this question Camei on and Mills 70 gave 
vitamin P but not ascorbic acid to a patient who had classic scurvy The hemor- 
rhagic features disappeared piomptly, although other features of the disease were 
unaffected until ascorbic acid was added 

The ascorbic acid requnements of prematuie infants 77 and school children 78 
have been repoited, and it has been shown lather definitely that childien who 
receive 3 ounces (90 cc ) or more of oiange juice daily oi an equivalent amount 
of ascorbic acid m citius fruits and tomatoes maintain a libeial level of ascorbic 
acid in the plasma 79 

There seems to be little doubt that ascorbic acid is of gieat impoitance in 
the healing of wounds, and during the past yeai furthei leseaich in this dnection 
has added greatly to pi esent knowledge Lund and Crandon 80 i epoi ted on a study 
of 58 patients who undeiwent operations on the biliary tract In patients m whom 
the intake of ascoibic acid was pooi oi the level of ascoibic acid in the plasma 
was low preoperatively or both, hernia clet eloped postopeiatively moie often than 
in those patients in whom the supply of ascoibic acid was good pieopeiatively 
On the experimental side of this problem Bartlett and bis gioup 81 presented some 
interesting data These authors studied the effect of ascoibic acid on healing of 
wounds by making abdominal incisions on guinea pigs and lemoving a specimen 
of tissue for a conti ol biopsy The wound was allowed to heal f oi a suitable period, 
and then the healing tissue was excised The ascorbic acid content of the excised 
tissues was then measured Animals on a scorbutigemc diet did not show any 
essential increase in ascorbic acid in the healing tissue ovei that m conti ol specimens 
and only slightly lowered values m the i emainder of the abdominal v all However, 

73 Wiehl, D G, and Kantorovitz, M Medical Evaluation of Nutritional Status XI 
An Analysis of Sources of Errors in the Photelometric Macromethod of Determining Ascorbic 
Acid m Plasma, Milbank Memorial Fund Quart 20 178-206 (April) 1942 Harris, L J 
Critique of the Saturation Method for Determining Vitamin-C Levels, Lancet 1 644-646 
(May 30) 1942 

74 Ralh, E P , and Sherry, S Adult Scurvy and the Metabolism of Vitamin C, 
Medicine 20 251-340 (Sept ) 1941 

75 Moise, D D Scurvy m Children, North Carolina M J 3 290-295 (June) 1942 

76 Cameron, D G , and Mills, E S Scurvy in Montreal, Canad M A J 46 548-550 
(June) 1942 

77 Dann, M The Influence of Diet on the Ascorbic Acid Requirement of Premature 
Infants, J Clin Investigation 21*139-144 (March) 1942 

78 Harris, L J Vitamin-C Levels of School-Children and Students in War-Time, Lancet 
1 642-644 (May 30) 1942 

79 Bessey, O A , and White, R L The Ascorbic Acid Requirement of Children, J Nutri- 
tion 23 195-204 (Feb ) 1942 

80 Lund, C C , and Crandon, J H Ascorbic Acid and Human Wound Healing, Ann 
Surg 114 776-790 (Oct ) 1941 

81 Bartlett, M K , Jones, C M, and Ryan, A E Vitamin C and Wound Healing I 
Experimental Wounds in Guinea Pigs, New England J Med 226 469-473 (March 19) 1942 
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BIOTIN 

/ 

This lelative newcomer to the field of nutrition was considered briefly m 
last year’s review Now, for the first time, induced biotm deficiency has been 
produced in human beings 08 Many investigators have noticed that the inclusion 
of laige amounts of egg white in special experimental diets will produce definite 
nutritional disease in animals This disease is commonly called “egg white injury” 
and is characterized chiefly by the appearance of a rather sevei e, general eczematous 
dermatitis involving the eyelids and the lips Egg white injury can be prevented 
or cured by administration of biotin It is due to an induced biotm deficiency 
caused by the binding of dietary biotm by a protein fraction of raw egg white 
(avidm), thereby preventing the absorption of this vitamin from the intestinal 
tract 09 

Sydenstnckei and his associates maintained 4 volunteers on a diet poor m all 
vitamins of the B group (except nboflavin, supplied by egg white) , at least 30 
per cent of the total caloric intake was supplied by desiccated egg white During 
the third and the fourth week all 4 of these subjects had a fine scaly dermatitis, 
which disappeared spontaneously and which did not itch. During the seventh and 
the eighth week all 4 patients exhibited a giayish pallor of the skin, apparentl} 
owing to peripheral vasoconstnction, and the 3 white volunteers had definite 
atrophy of the lingual papillae, which the Negro volunteer did not have until the 
fouiteenth week By the ninth and the tenth w eek dryness of the skin of the 
extiemities, well defined reticulation and tendency again to fine, giamy desquamation 
were present in all cases Ocular or genital lesions were not observed After 
the fifth week depiession, muscular pain, anorexia and precordial pain developed 
All of these symptoms and signs were cured rapidly by parenteral administration 
of a biotm concentrate in doses representing 150 to 300 micrograms of biotm per day 

ASCORBIC ACID 

Chemical and Physiologic Piopeities — The level of ascorbic acid in the blood 
of human beings is not significantly affected by elevating the body tempeiature to 
104 F for periods as long as foui hours 70 In the guinea pig the sedative effect 
of soluble pentobarbital is greatly prolonged if the animal has been kept foi periods of 
thirty-three days on a diet deficient in ascoi bic acid This prolongation of sedative 
effect can promptly be brought to normal by addition of ascoi bic acid to the diet 
Deficiency of ascoi bic acid, however, had no such effect on the metabolism of 
pentothal sodium 71 An intei esting study by Rothman 72 suggested that the 
influence of ascorbic acid on oxidation of tyrosine by ultiaviolet madiation m 
vitro is threefold 1 It markedly furthers formation of dihydroxyphenylalanine 

68 Sydenstricker, V P , Singal, S A , Briggs, A P , DeVaughn, N M , and Isbell, H 
Observations on the “Egg White Injury” m Man, JAMA 118 1199-1120 (April 4) 1942 

69 Eakm, R E , McKinley, W A, and Williams, R J Egg-White Injury m Chicks 
and Its Relationship to a Deficiency of Vitamin H (Biotin), Science 92 224-225 (Sept 6) 1940 
Eakin, R E , Snell, E E, and Williams, R J A Constituent of Raw Egg White Capable of 
Inactivating Biotm in Vitro, J Biol Chem 136 801-802 (Dec ) 1940 Gyorgy, P , Rose, C S , 
Eakin, R E , Snell, E E , and Williams, R J Egg-White Injury as the Result of Non- 
absorption or Inactivation of Biotin, Science 93 477-478 (May 16) 1941 

70 Osborne, S L, and Farmer, C J Influence of Hj r perpyrexia on Ascorbic Acid Con- 
centration in the Blood, Proc Soc Exper Biol & Med 49 575-578 (April) 1942 

71 Richards, R K , Kueter, K, and Klatt, T J Effect of Vitamin C Deficiencv on 
Action of Different Types of Barbiturates, Proc Soc Exper Biol & Med 48 403-409 (Nov ) 
1941 

72 Rothman, S In Vitro Studies on Pigmentation II Influence of Ascorbic Acid on 
Oxidation of Tyrosine by Ultraviolet Irradiation, J Invest Dermat 5 67-74 (April) 1942 
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Foi many yeais it has been recognized that vitamin D and the lriadiated 
steiol concentiates may produce reactions Nausea, vomiting, anoiexia, abdominal 
pam, diarrhea, headache and muscular weakness are the symptoms which usually 
accompany this leaction Tumulty and Howard 00 leported 2 cases m which a 
prepaiation containing vitamin D was administered m large doses, with accompany- 
ing prolonged hypei calcenna and persistent impaiiinent of lenal function, as 
measured by inability to concentiate mine noimally 

VITAMIN E 

Chemishy and Physiology —It has been suggested 91 and adopted 92 that 
synthetic lacennc tocopherol (tocopheryl) acetate be made the international standaid 
foi vitamin E The intei national unit is the vitamin E activity of 1 0 mg of the 
standaid prepaiation (racemic tocopheiol acetate m olive oil, 10 Gm contains 10 
mg of synthetic racemic tocopherol acetate) The quantity lepresents the average 
amount which prevents resoiption gestation in lats depnved of vitamin E when the 
substance is administered orally 

A new photoelectric method for deteimmation of alpha tocopheiol m human 
sei um was i eported within the last year 93 

Chmcal Apphcaiion — The hope of success of vitamin E in the tieatment of 
vanous neuromusculai diseases of human beings has faded rapidly during the past 
)eai A large number of patients with multiple sclerosis, piogressive muscular 
atiophy, musculai dystiophy, amyotrophic lateial scleiosis and othei diseases have 
had adequate treatment with natuial and synthetic preparations of vitamin E The 
lesults from such treatment have been most discouraging 01 Whether furthei 
experimental 95 and clinical 9G trials ai e \\ ai i anted must be left to the decision of 
the individual physician Claims 07 have continued to be made that vitamin E is 
of value m treatment of fibrositis, but the subject needs fuithei clinical investigation 

90 Tumulty, P A , and Howard, J E Irradiated Ergosterol Poisoning Report of Two 
Cases, JAMA 119 233-236 (May 16) 1942 

91 Hume, E M Standardization of Vitamin E, Nature, London 148 472-473 (Oct 18) 
1941 

92 Memorandum on the International Standard for Vitamin E, Department of Biological 
Standards, National Institute for Medical Research, Hampstead, London, Bull Health Organ , 
League of Nations 9 443-446, 1940-1941 

93 Mayer, G G , and Sobotka, H Photoelectric Determination of d/-ct-Tocopherol in 
Serum, J Biol Chem 143 695-699 (May) 1942 

94 Meller, R L An Evaluation of Vitamin E in the Treatment of Multiple Sclerosis 
and the Progressive Muscular Atrophies, Journal-Lancet 61 471-478 (Dec ) 1941 Dejong, 
R N Vitamin E and Alpha Tocopherol Therapy of Neuromuscular and Muscular Disorders, 
Aich Neurol & Psychiat 46 1068-1073 (Dec) 1941 Harvey, R W, and Hume, P B 
Vitamin E and Nervous Diseases, California & West Med 55 293-295 (Dec ) 1941 Merwarth, 
Ii R Synthetic Vitamin E in the Treatment of Amyotrophic Lateral Sclerosis and Related 
Disorders Report of Six Cases, Dis Nerv System 2 325-329 (Oct ) 1941 Viets, H R , 
Trowbridge, E H, Jr, and Gundersen, T E The Treatment of Certain Muscular Atrophies 
with Vitamin E, with a Note on Diagnosis and the Electromyograms, Am J M Sc 203 558- 
556 (April) 1942 Lubm, A J Use of Alpha Tocopherol in the Treatment of Neuromuscular 
Disorders, Arch Int Med 69 836-855 (May) 1942 Hawke, W A Vitamin Theiapy of 
Muscular Dystrophy, Canad M A J 47 153-155 (Aug) 1942 

95 Blakeslee, G A Some New Applications of Synthetic Vitamin E Iheiapy, J Neiv 
& Ment Dis 96 184-190 (Aug ) 1942 

96 Jolhffe, N Treatment of Neuropsvchiatric Disorders with Vitamins, JAMA 
117 '1496-1500 (Nov 1) 1941 

97 Ingham, D W The Treatment of Fibrositis and Vitamin E, M Ann District of 
Columbia 10 470-471 (Dec ) 1941 Steinberg, C L The Tocopherols (Vitamin E) m the 
1 reatment of Primary Fibrositis, J Bone & Joint Surg 24 411-423 (April) 1942 
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when the supply of ascorbic acid was high, a sti iking mciease m the ascorbic 
acid content of healing tissue ovei that of the control specimen of tissue was 
demonstrated In addition, the tensile strength of wounds in which ascorbic acid 
content was high was much greater than that of those in which it was low In 
studies of wounds in human beings this group of mvestigatoi s 82 found that a 
sufficient depletion of ascorbic acid produces a deci eased ascorbic acid content and 
tensile strength of healing wounds m the skin and in fascia However, before these 
changes appear a fasting level of ascorbic acid of less than 0 2 mg pei hundred 
cubic centnneteis of plasma must be reached Others 82 have repoited that increas- 
ing the dose of ascorbic acid above the normal daily i equirement does not result m 
gieatei than normal development of tensile stiength in wounds and that addition 
of vitamin P to the diet does not improve the healing process Deficiency of the 
vitamin B complex appaiently has little effect m healing of wounds in rats 84 As 
was stated in an editorial m The Journal of the Amo icon Medical Association , 85 
these obseivations suggest that under normal conditions of intake and absorption 
of food the tissues of the average person contain sufficient ascorbic acid to insui e 
normal healing of wounds The lemainmg problem is that of demonstxating which 
person will requite supplemental y ascoibic acid theiapy pieoperativel} and post- 
opeiatively 

The mteiesting i elation of ascoibic acid to aisenical theiapy m human beings 
has continued to receive attention Of 38 patients who gave strongly positive 
reactions to patch tests with a 30 per cent solution of neoarsphenamme, only 32 
had positive reactions if ascorbic acid was added to the neoarsphenamme 8(3 Studies 
of the plasma levels of ascorbic acid in these patients indicated that such levels do 
not exert as great an effect in preventing cutaneous reactions to patch tests as 
the local application of ascorbic acid does It was suggested that patch tests be 
performed with 30 per cent neoarsphenamme plus 10 per cent ascorbic acid and 
that patients who react positively to this test most likely will not be able to toleiate 
neoai sphenamme Similar studies have been icported by Abt 87 

VITAMIN D 

An excellent summary of the relation of vitamin D to ossification appeal ed, 88- 
and a method for estimation of vitamin D in blood serum was repoited SD 

82 Bartlett, M K , Jones, C M , and Ryan, A E Vitamin C and Wound Healing II 
Ascorbic Acid Content and Tensile Strength of Healing Wounds in Human Beings, New 
England J Med 226 474-481 (March 19) 1942 

83 Hartzell, J B , and Stone, W E The Relationship of the Concentration of Ascorbic 
Acid of the Blood to the Tensile Strength of Wounds m Animals, Surg, Gynec & Obst 75 1 -7 
(July) 1942 

84 Holden, J C, and Crile, G, Jr Influence of Vitamin B Complex Deficiency and 
Partial Starvation on Wound Healing Experimental Research with Rats, Aich Surg 44 
1106-1110 (June) 1942 

85 Vitamin C and Wound Healing, editorial, JAMA 119 564-565 (June 13) 1942 

86 Bundeson, H N , Aron, H C S , Greenebaum, R S , Farmer, C J , and Abt, A F * 
The Detoxifying Action of Vitamin C (Ascorbic Acid) m Arsenical Therapy I Ascorbic 
Acid as a Preventive of Reactions of Human Skin to Neoarsphenamme, JAMA 117 1692- 
1695 (Nov 15) 1941 

87 Abt, A F The Human Skin as an Indicator of the Detoxifying Action of Vitamin C 
(Ascorbic Acid) in Reactions Due to Arsenicals Used in Antisyphilitic Therapy, U S Nav 
M Bull 40 291-303 (April) 1942 

88 McGowan, J P On Ossification and Vitamin D Action, Edinburgh M J 49 190-199 
(March) 1942 

89 Warkany, J , Guest, G M , and Grabill, F J Estimation of V itamin D in Blood 
Serum Vitamin D m Human Serum During and After Periods of Ingestion of Large Doses 
of Vitamin D, J Lab & Clin Med 27 557-565 (Jan ) 1942 
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Clinical Use — Pievious leports showing the value of vitamin IC in pieventing 
hemorrhage associated with deficiency of piotlnombm in the cuculatmg blood 
continue to be confiimed A few new and interesting clinical developments have 
been lepoited Rhoads and Fitz-Hugh 107 studied the case of a white youth aged 
IS who had had episodes of hemonhagic diathesis throughout most of his life 
This diathesis was due appaiently to an idiopathic hypoprothrombinemia and an 
associated abnoimality of the fibnnogen Rhoads and Fitz-Hugh weie unable 
to couect the deficiency of piothrombin by admimstiation of synthetic substances 
with vitamin IC activity Anothei mteiesting case of hypopi otln ombmenua was 
lepoited by Coller and Fan is 108 Within thiee days after a massive gastnc hemor- 
ihage the patient leceived 3,200 cc of blood and, m addition, 7,500 cc of fluid mtia- 
\ enously Two days later a marked deficiency of prothiombm was found which 
was nearly completely coriected within twenty -four hours by administration of 
vitamin IC The patient had taken a normal diet and did not have any abnoi mality 
of the biliary tract or the liver At neciopsy a bleeding gastric ulcei w j as found 
The authois suggested that sufficient depletion of prothrombin leseive could result 
from repeated dilution of the blood wnth solutions of sodium chloride and dextiose 
This possibility deseives further imestigation These authors also confiimed the 
observation that deficiency of piotlnombm can develop after simple, continued 
aspiration of bile from the gastrointestinal tiact wntli suction apparatus 100 

In conti ast to previous lepoits, Levy 110 obseived that 32 pei cent of the 
patients with pulmonary tubeiculosis studied by him had a moie or less marked 
degiee of prothrombin deficiency It is interesting that 87 per cent of these patients 
had parenchymal hepatic damage Levy also found that vitamin IC had a beneficial 
effect on the tieatment and pievention of hemonhage in tubeiculosis 

Vitamin IC continues to be widely and successfully employed in tieatment and 
pievention of ceitam hemonhagic diseases of newborn infants Heilman and 
Shettles 111 have advocated that 2 mg of menadione, or any piepaiation wuth 
similar activity, be given to piegnant women daily foi at least tw r o weeks pnoi to 
onset of laboi They stated that 20 to 40 per cent of the 128,000 infants who do 
not survive each yeai show some evidence of cetebial hemonhage It is hoped 
that the plan they suggested may lesult m the saving of many of these lives 

Ross and Malloy 112 lepoited on a group of newborn infants stiff enng fiom 
asphyxia who had a marked deficiency of piothrombin and suggested that anoxemia 
may be a factor m pioduction of deficiency of prothrombin Induced anoxemia 
m newborn chicks lesulted m similar findings The obseivations aie suppoited by 
the experimental woik of Tocantins, mentioned pieviously 103 

107 Rhoads, J E, and Fitz-Hugh, T, Jr Idiopathic Hypoprothrombinemia — An Apparently 
Unrecorded Condition, Am J M Sc 202 662-670 (Nov ) 1941 

108 Coller, F A , and Fains, J M The Management of the Jaundiced Patient, with 
Special Reference to Vitamin IC, Surg, Gynec & Obst 73 21-29 (July) 1941 

109 Butt, H R , and Snell, A M Vitamin K, Philadelphia, W B Saunders Company, 1941 

110 Levy, S Vitamin IC in Tuberculosis, with Special Reference to Pulmonary Hemor- 
rhage, Am Rev Tuberc 45 377-391 (April) 1942 

111 Heilman, L M , and Shettles, L B The Prophylactic Use of Vitamin IC in Obstetrics 
South M J 35 289-293 (March) 1942 

112 Ross, S C, and Malloy, H T Blood Prothrombin in the New-Born The Effect of 
Vitamin IC upon the Blood Prothrombin and upon Haemorrhagic Disease of the New-Born 
Canad M A J 45 417-421 (Nov ) 1941 
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VITAMIN IC 

Physiology and Cliemistiy — This yeai little can be added to the excellent con- 
sideration of the chemistry of vitamin K by Fieser, 08 mentioned in last year’s 
review New calorimetric procedures for accurate chemical determinations of K 
vitamins have been described," and they give hope that even simpler quantitative 
piocedures soon will be available Scudi 100 leported the interesting observation 
that when menadione is added to whole unlaked blood, it causes marked formation 
of methemoglobm and that the drug is converted rapidly to some other substance 
Howe\ei, under comparable conditions vitamin K t does not produce methemo- 
globm 

An excellent summaiy of the lole of vitamin K in coagulation of blood 
appeared, 101 and Rhoads and his group 102 reviewed the work on experimental 
hypoprothrombmenua Tocantins 103 reported that exposure of citrated oi oxalated 
plasma to an air current is followed by rapid diminution m its pi othrombin activity 
This phenomenon is corrected by addition of carbon dioxide but is not afiected m 
addition of oxygen The author suggested that asphyxia or hyperventilation mat 
lead to significant fluctuation in the level of prothrombin in the blood 

While attempting to produce experimental hemorihagic disease m newborn 
animals Mooie and his associates 101 observed that rabbits w Inch received a diet 
deficient in vitamin Iv foi foity days and then mated invariably aboited from the 
tenth to the fourteenth day of pregnancy Necropsy revealed reti oplacental hemoi- 
rhage It is interesting that the level of protlnombin in the plasma did not fall to 
so-called “critical levels” and that the only point of hemoi rhage was in the placenta 
It is suggested that the placenta is unusually susceptible to deprivation of vitamin Iv 

The possibility that panci eatic disease also may be accompanied b) deficiency, 
of prothrombin is suggested by the leport that pancreatic achylia and pancreat- 
ectomy, at least in the cat, are followed by i eduction in the level of protlnombin in 
the blood 103 

Anothei interesting contribution on the physiology of vitamin Iv was made by 
Overman and his associates 100 These authors observed that when the lat ingests 
3,3'-meth} lenebis-(4-hydroxycoumann) need foi vitamin K appeals to be 
mci eased Vitamin K w r as found to counteiact Itypoprothrombmemia induced b) 
the anticoagulant whether given before the anticoagulant, with it or twelve hours 
latei 

t 

98 Fieser, L F The Chemistry of Vitamin Iv, Ann Int Med 15 648-658 (Oct) 1941 

99 Scudi, J V, and Buhs, R P A Colorimetric Oxidation-Reduction Method for the 
Determination of the K Vitamins, J Biol Chem 141 451-464 (Nov ) 1941 Irreverre, F , 
and Sullivan, MX A Colorimetric Test for Vitamin K,, Science 94 497-498 (Nov 21) 1941 

100 Scudi, J V Reactions of 2-Meth>l-l,4-Naphthoquinone (Menadione) with Whole 
Blood and Plasma in Vitro, Proc Soc Exper Biol & Med 50 16-17 (Mav ) 1942 

101 D’Alessandro, A J Vitamin K and Its Role in Blood Coagulation, Am J Surg 
57 104-111 (July) 1942 

102 Rhoads, J E , Warren, R , and Panzer, L M Experimental Hypoprothrombinemia, 
Am J M Sc 202 847-861 (Dec ) 1941 

103 Tocantins, L M Loss of Prothrombin Activity m Plasma Exposed to Air Current, 
Proc Soc Exper Biol & Med 49 251-253 (Feb ) 1942 

104 Moore, R A , Bittenger, I , Miller, M L, and Heilman, L M Abortion in Rabbits 
Fed a Vitamin K Deficient Diet, Am J Obst &. Gynec 43 1007-1012 (June) 1942 

105 Sproul, E E , and Sanders, E K Effect of Pancreatic Achylia on Vitamin K 
Absorption and Prothrombin Time, Am J Physiol 135 137-148 (Dec 1) 1941 

106 Overman, R S , Field, J B , Baumann, C A , and Link, K P Studies on the 
Hemorrhagic Sweet Clover Disease IX The Effect of Diet and Vitamin K on the Hypo- 
prothrombinemia Induced b> 3,3'-Methylenebis (4-Hvdrox\ coumarin) in the Rat, J Nutrition 
23 589-602 (June) 1942 
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Intestinal Obstructions A Physiological and Clinical Consideration with Emphasis 
on Therapy, Including Description of Operative Procedures By O H Wangen- 
steen Second edition Price, §7 Pp 484 Springfield, 111 Charles C Thomas, Pub- 
lisher 1942 

This is an excellent treatise on the important and senous clinical pioblem of intestinal 
obstruction From the pieface tlnough the last page of the last chaptei, which deals with 
obsti uctions owing to vasculai causes, the book is full of practical suggestions regarding the 
mannei m which intestinal obstruction disturbs the economy of the body and regaidmg diag- 
nostic, as well as theiapeutic, piocedutes for this most devastating human ailment 

The author wisely has divided the subject into foui parts as follows physiologic and 
clinical considei ations , general diagnosis, therapeutic considerations, and special obstructions 

Part 1, on physiologic and clinical considerations of intestinal obstruction, consists of one 
chapter of 60 pages which is divided into seven parts In this portion of the book the author 
deals with the systemic effects, charactei and souice of distention and its manifestations on 
the intestinal wall Absorption m the piesence of obstruction, the significance of the factoi 
ot loss of blood in stiangulatmg obsti uctions and the natme of the toxemia associated with 
obsti uction are explained 

Although it is stated that no duect and unequnocal answ'cr has been obtained to the 
question of lethal factoi s in obsti uction, the author’s opinion seems to be that apait fiom the 
loss of fluids and electrolvtes, which is of senous consequence, the chief effects of obstruction 
are mechanical and concern intraenteric piessure as related to absorption and the viability of 
the intestinal wall When the liability of the w'all has become impaned, then peimeation by 
Dactena and othei deadly agents occuis, but tins is a secondary rather than a pnmaij 
phenomenon 

Pait 2, on general diagnostic considei ations, is 41 pages long and is divided into two 
chapters , m one diagnostic methods foi acute abdominal disorders and in the othei the l ecog- 
nition of obstruction aie considered In the lattei chaptei the authoi explains the methods 
of determining that obsti uction exists, of localizing the obsti ucting lesion and of determining 
wdietlier obsti uction is partial or complete and finally the mechanism of the obstruction 

In part 3 seven chaptei s (chaptei s 4 to 10 inclusive), 140 pages, are devoted to the manage- 
ment of acuta intestinal obstruction In chapter 4 the authoi considei s guiding principles in 
the treatment of acute abdominal lesions , in chapter 5 the lmpoi tant supportive measures ai e 
listed, namely, administration of physiologic solution of sodium chloride, transfusion of blood 
and plasma and inhalation of oxygen m high concenti ations, and m chapter 6 the technic of 
decompi ession by application of suction through duodenal tubes is outlined Indications for 
this conseivative method of tieatment and shoilcomings of suction aie explained In chaptei 7 
operative pioceduies, preopeiativc prepaiation and choice of anesthetic are outlined Chapter S 
is devoted to closed aseptic resection Postoperative tieatment is considered in chaptei 9 and 
mortality in chapter 10 

In pait 4, on the special obsti uctions, fifteen chaptei s aie devoted to a discussion ot 
obstruction due to congenital atresia of the intestine, the imperfoiate anus, tumois and 
strictures of the intestinal wall, obturation, fecal obsti uction, as occurs in megacolon, com- 
pression of the bow'd by extrinsic conditions, such as pelvic lesions, adhesions and bands, 
external hernia, intei nal henna, volvulus, intussusception, eiiors in development of the 
intestine, inhibition (paralytic) ileus, spastic ileus, and obsti uction owung to vascular causes 

Any piactitionei of medicine wall be pioud to have this book in his reference libiarj 
Every teacher of medicine should have it available as a textbook, for it contains the most 
modern mfoimation on the subject and sound information for students Moie than that, any 
one reading it will find that it is wiitten in an interesting, almost fascinating manner 

Publicaciones del centro de investigaciones tisiologicas Vol 5 Pp 388, with 28 
illustrations Buenos Aires Pabellon “Las Provincias,” Hospital Tornu, 1941 

This collection of eleven papeis from the Center of Tuberculosis Reseaich, Buenos Aires, 
Argentina, under the direction of Prof Roque A Izzo, testifies to the thoroughly scientific 
work being carried on in Argentina, as in other South American countries The influence of 
the best in German and in French medical thought on this subject is obvious North American 
authors are also frequently cited The summaries m German, Fiench and English will aid the 
reader wdio is not familial with Spanish, in which language the text is written 
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The percutaneous use of vitamin IC has again been advocated, 113 but other 
investigators 114 have found this method of administration unsatisfactory because 
of the ensuing dermatitis in moie than 50 pei cent of the cases studied 

Sehgman and his associates 110 have described a method of preparing pure 
vitamin K in colloidal suspension foi mtiaveous administration A single 10 mg 
dose of this compound has a much longei effect than that of an equivalent dose of 
menadione This compound administered in this dose to a patient with an elevated 
prothrombin time resulted in a noimal piothrombin tune for twenty-six days 

The old problem of attempting to evaluate the degree of hepatic damage by the 
response of piothrombin to admimstiation of vitamin K has .received considerable 
attention Kaik and Souter, 110 in an effort to interpret better this test of hepatic 
function, have subdivided the response of prothrombin to vitamin K into five sub- 
divisions In the first gioup the response to vitamin K is prompt, and it was 
assumed that m these instances no gross hepatic damage exists In the second 
group the level of prothrombin in the blood uses somewhat but remains fixed at 
a subnormal level despite tieatment with vitamin K. in this group the hepatic 
damage is of a moderate and vanable degree In the third group the level of 
piothrombin m the blood giadually rises as clinical impiovement becomes apparent 
In the fouith group the level of protlnombm fluctuates m a subnormal zone which 
is above the threshold for hemorrhage, n respective of therapy Patients in this 
group have chiomc hepatic disease of long standing, usually unassociated tuth 
jaundide In the fifth group the level of protlnombm decreases in -spite of theiapv 
or lemains below the level foi hemorihage In this group hepatic damage is seveie 
and widespread 

102 Second Avenue Southwest 

Mayo Foundation 

102 Second Avenue Southwest 

113 Fantl, P, and Corkill, A B Percutaneous Treatment of Vitamin K Deficiency, M T 
Australia 2 540-541 (Nov 8) 1941 

114 Page, R C, and Bercovitz, Z Dermatitis from Topical Application of 2-Methjl-l 4- 
Naphthoquinone (Synthetic Vitamin K Analogue), Am J M Sc 203 566-569 (April) 1942 

115 Sehgman, A M , Hurwitz, A , Frank, H A, and Davis, W A The Intraienous Use 

of Synthetic Vitamin K, Surg, Guiec S. Obst 73 686-701 (Nov) 1941 

116 Kark, R, and Souter, A W The Response to Vitamin K A Liver-Function Test, 
Lancet 2 693-696 (Dec 6) 1941 
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The chapter by Snell on the physiologic considerations of the pioblcms ansing in patients 
with gastric carcinoma is excellent Of especial interest is the poi tion of the chapter dealing 
with vitamin-deficient states observed in these patients 

The chapter by MacCarthy on surgical pathology is likewise of interest, and the discussion 
of the metastatic spread of gastuc carcinoma is well earned out Desjaidins presents an 
excellent discussion of the problems and procedures^ involved m the loentgen treatment of 
gastric carfcinoma 

Autonomic Regulations B\ Einst Gellhoin, M D Price, $5 50 Pp 5/3, with SO lllus- 
tiations New York Interscience Publishers, Inc, 1943 

This is a highly technical book which sums up a large amount of research on the w'ay in 
which autonomic centers, particularly in the hypothalamic legion, affect many of the automatic 
iunctions of the body Much of the work has been done by Dr Gellhorn, but he also cites 
one thousand, one bundled papeis by investigators m this field Subjects discussed aie adjust- 
ment reactions to changes in the caibon dioxide content of the blood and to anoxia, asphyxia, 
hemorrhage and hypogljcemia Theie aie chaptets on the autonomic legulation of the ceiebral 
circulation, on the hormones of the hypophysis and on the sympatheticoadienal and the vago- 
msuhn systems There aie chapters on the roles of the sympathetic, parasympathetic and 
somatic nervous systems m legulatmg se\ cral of the nuoluntaiy functions of the body 
Chapter 13 is on reflexes from the carotid sinus, chapter 14 discusses the autonomic basis of 
emotion, chapter 18 is on the adjustment reactions duung general and spinal anesthesia, and 
chapter 19 deals with what has been learned about changes in the behavior of the autonomic 
nervous system m patients suffering from schizophrenia 

The book will be of particular \alue to the student who wishes to find out how the 
sympathetic and parasympathetic systems of ner\cs are behaving during a numbei of situations 
when the body is under seveie strain 

Manual of Oxygen Therapy Techniques By Albert H Andrew's Jr Pp 181, with 16 
tables and 33 figures Chicago The Year Book Publishers, Inc, 1943 

This handy little manual takes up in minutest detail all technical matters of oxygen therapy 
including the use of carbon dioxide, helium and water vapor There are diagiams and photo- 
graphs of oxygen tents, face masks and other apparatus and exact instructions foi the care 
and use of all this equipment The book should be useful to every one but especially to house 
officers and nurses 

Chrome Pulmonary Disease m South Wales Coalminers I Medical Studies Report 
by the Committee on Industrial Pulmonaiy Disease Medical Survey, by P D’Arcy 
Hart and E A Aslett, with contributions by D Hicks and R Yates Pathological 
Report by T H Belt, with assistance from A A Feins Puce, 10s, 6d Pp 222 
London His Majesty’s Stationeiy Office, 1942 

This report on the occurrence and nature of pneumoconiosis in coal nnneis is the result 
of a study begun in 1937 and earned through despite the exigencies of w'ar Its appearance 
at this time can be credited to the British quality of seeing a job through, while its tremen- 
dous thoroughness and its scientific caution m drawing conclusions must be credited to the 
able collaborators wffio made and wrote up the medical survey and the pathologic report 
The incidence of pneumoconiosis is studied in relation to mining conditions, the type of coal 
mined, the kind and the duration of work done, the incidence of tubeiculous infection and the 
degree of disability A prenodular stage of leticulation is described both loentgenologically 
and pathologically The illustrations of roentgen changes, showing both whole chests and 
detailed enlargements of limited areas, are extraordinarily good There is an excellent bibli- 
ography In addition to those persons with a special interest m silicosis, physicians and 
roentgenologists in all coal mining regions will find m this report a uch seam well worth 
digging 

Medical Progress Edited by Robert N Nye Puce, $5 Pp 675 Springfield, 111 
Charles C Thorpas, Publisher, 1942 

Every one who looks through current journals must be impressed with the value of the 
review articles which appear in the New England Journal of Medicine It is extremely 
convenient, therefore, to find under one cover the entire series of articles for 1941 It is not 
possible to review the material in detail, but the authoritative character of the articles is 
illustrated by such names as Fulton, on aviation ’medicine, Weiss, on arteritis , Janeway, on 
bacteriologic matters, Joslm, on diabetes, and Aub, on endocrine glands The makeup of 
this book of 675 pages is attractive, and there is an index 
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The detailed analysis of the results of artificial pneumothorax treatment is one of the best 
to be found in the world’s literature Prof Oscar P Aguilar’s discussion of Ranke’s secondary 
tuberculosis is thorough and stimulating The shorter papers on results of the Jacobeus 
operation, absorption of ultraviolet light, behavior of lymphocytes to tubercle bacilli m wtro 
and tuberculin allergy of infants are all of the same high standard 

The Care of the Aged (Geriatrics) By Malford W Thewlis, M D Fourth edition, 
revised Price, $7, cloth Pp 589, with 50 illustrations St Louis C V Mosby Co , 1942 

The disproportionate increase in population in the higher age groups in this country m 
the past twenty years, which in all likelihood will mciease still further, has stimulated much 
interest in the subject of gerontology and geriatrics by physiologists, pathologists and clinicians 
This work is balanced poorly, mainly because certain features arc emphasized unduly, while 
others are neglected or merely mentioned, furthermore, theie is too much repetition There is 
a moderately comprehensive bibliography at the end of each chapter 

The reviewer feels that this work falls too far short of its possibilities to encourage students 
or clinicians to imest in it 

Synopsis of Pathology By W A D Anderson, MD, Assistant Professor of Pathologv, 
St Louis University School of Medicine, Pathologist, St Mary’s Group of Hospitals 
Price, §6, cloth, octal o Pp 638, with 294 lllusti ations in the text and 17 colored plates 
St Louis C V Mosbv Company, 1942 

The authoi states that his purpose in compiling this book was “to fill a gap which has 
existed between the very elemental y manuals of pathology and the abundant excellent larger 
textbooks and reference works” It is the opinion of the reviewer that lie has succeeded in 
large measuie m producing “a concise svnopsis of pathology in which essentials are included 
but the broad outlines and patterns of disease arc not obscured by a mass of detail ” 

The illustrations aie well chosen and clearly rejiroduccd A short bibliography is appended 
to each chapter, and a geneial index is included This book should be useful for quick 
reference by medical and by dental students as well as bv clinicians m general practice 

The Food You Eat By Samuel and Violette Classtonc Price, $2 25 Pp 277, with 18 
illustrations Norman, Okla The University of Oklahoma Press, 1942 

This is the best semipopular book on food and nutrition the reviewer has vet seen The 
writeis are obviously experts and have a large backlog of solid scientific information to draw 
on They write well and make their points with a quiet emphasis which is sufficiently con 
vincing The flamboyant or evangelistic style used by' so many propagandists of nutrition is 
conspicuously absent The theoietic part of the subject is covered in such a way as to be 
intelligible to the average educated reader, and the practical discussion of food and of menus 
is satisfactory' The book does credit to the university press which produced it 

Carcinoma of the Stomach By r Waltman Walters, MD , Howard K Gray, MD , James 
T Priestley, M D , and associates in the Mavo Clinic and the Mayo Foundation Price, 
$8 50 Pp 576, with 178 illustrations on 143 figures, 2 m colois Philadelphia W B 
Saunders Company, 1942 

The chief new contribution of this monograph is a statistical analvsis of almost 11,000 
cases of gastric carcinoma observed at the Mayo Clinic from 1907 to 1938 While this 
material is of inestimable value, it could well have been presented m a volume much reduced 
in length 

Most valuable is the section (the last two chapters and the appendix) by' Dr Joseph 
Berkson containing the biometric analysis of the data The reviewer was impressed with the 
fact that in the 10,890 cases studied, 99 pei cent of the patients who survived were traced 
over a five year period and 98 per cent of the patients who survived were traced over a twenty 
year period The correction of the data for the normal survival rate of the population at large 
makes the interpretation of the results of the observation of the population sample represented 
in the study much more accurate 

Of the 10,890 cases studied, the carcinomas m 43 per cent were considered to be inoperable 
In the remaining 57 per cent the patients were subjected to surgical procedures as follows 
Palliative procedures were instituted in 10 per cent, exploratory laparotomies only were done 
in 22 per cent, and resection was done in the remaining 25 per cent The calculated mean 
survival rate for the group was two and two-tenths years Twenty pages devoted to the 
mechanics of operating room technic and enumeration of the duties of the operating room 
nurses before and after their breakfast might well have been omitted The 50 pages devoted 
to anesthesia might have been more properly included in some other textbook 
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STREPTOCOCCIC AND PNEUMOCOCCIC INFECTIONS OF 
THE NOSE AND THROAT IN YOUNG ADULTS 

INCIDENCE, EPIDEMIOLOGY AND CLINIC \L sFEATURES 

PAUL S RHOADS, MD 

AND 

MELVIN E AFREMOW, MD 

CHICAGO 

We have been impiessed by the lack ot detailed and accuiate mfoimation in 
medical textbooks about the most common diseases which the average Amencan 
physician is called on to tieat For this reason, an attempt has been made to 
gathei togethei some of the observations made m oui own work on tonsillitis, 
phaijngitis, laiyngitis and paianasal sinusitis 

It is appreciated that the clinical conditions mentioned heie seldom occur alone 
They aie most often a part of a diffuse involvement of the uppei lespnatory pas- 
sages Often they are complications of othei diseases An attempt has been made 
howevei , to sepaiate them fiom oidmaiy uncomplicated colds, influenza, bronchitis 
and pneumonia Scarlet fever enteis into the discussion as a pait of the hemolytic 
streptococcus infections of the nose and thioat Diphthena, Vincent’s angina and 
syphilitic infections are not considered heie 


INCIDENCE 

In a nuismg population averaging 1,034, over a five yeai period, the average 
monthly number requiring rest m bed because of these diseases was 27 21— approxi- 
mately 2 6 per cent of the entire group The peak was m January, February, March 
and Apnl— averaging 4 to 5 per cent— with a moderate drop in May and a sharp 
drop in June, July and August to about 1 per cent (chart 1) In the fall months 
the number gradually rose, but not to the level of January and the early spring 
months It is interesting to note how closely this curve parallels that of the finding 
of hemolytic streptococci in 1,115 cultuies of material taken at all seasons of the 
yeai from the throats of our own patients who piesented all types of respiratory 
infections (chart 2) t 

Also of interest is the fact that simple rhinitis and acute diffuse respuatory infec- 
tions, such as influenza and grip, rose shaiply during the fall months and outstripped 
sore throat and sinusitis m December, then fell below these during the remainder of 
the year The total monthly incidence of incapacitating infections of the upper 
respnatoiy passages exclusive of pneumonia aveiaged 4 per cent for the year While 
this figure may be unusually high because of the fiequent exposures of this particular 
group of young adults, it indicates the enormous number of respiratory infections m 
this country In children the incidence is probably even highei 
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Shock Its Dynamics, Occurrence and Management By Virgil Ii Moon, Piofessoi 
of Pathology, Jefferson Medical College, Philadelphia Price, §4 50, cloth Pp 324, with 
36 illustrations Philadelphia Lea & Febiger, 1942 

The subject material presented in this book is a continuation of and somewhat dependent 
on the material presented m a previous book by the author (Shock and Related Capillar} 
Phenomena, New York, Oxford University Press, 1938) 

The book is divided into two parts The first part deals with the vascular d}nanucs of 
shock, while the second part discusses the prevention, recognition and management of shock 
There is a pertinent summary at the conclusion of each chapter The book contains an 
adequate number of suitable illustrations Ihe list of lefercnces appended cites many of the 
important contnbutions to the subject but is incomplete 1 he tvpe and the foimat are excel- 
lent and make foi easy reading 

The author shows a broader knowledge of the subject m this volume than in lus first 
book and exhibits less bias foi one particular theory of the cause of shock The book is 
well written The material included in it is presented in a satisfacloty manner but is lacking 
as a comprehensive discussion of the subject In new of the fact that the book is appai- 
ently not intended as a piesentation ot the subject m a complete manner, the discussion of 
terminal pneumonia, extrarenal uremia, status Ijmphaticus and similar subjects would appeal 
to be of questionable value On the whole, the book is a worthy conti lbution to the subject 

A Short History of Cardiology By James B Ilernck, AID, Emeritus Professor oi 
Medicine, Rush Afedical College Puce, ?3 50 Pp XVI +258, with 48 illustrations 
Springfield, 111 Charles C Thomas, Publisher, 1942 

Di Heirick is a raie pci son, able on passing Ins eightieth birthdav to be legarded b\ 
his fi lends (and the} include almost all members of the medical profession) as a man not 
80 years old but 80 years young still } oung enough to speak and w rite picturesque!} and 
e\en to indulge in such a youthful misdemeanor as an attack of acute appendicitis During 
his medical careei he has stored aw'ay a last fund of medical loie, and in this -volume he 
descubes lus owai concept of the essential history of eardiologv during the last three centuries 
Such a book, coming from a man of Dr Iicnieks skill as a medical author and lus 
direct wa} of looking at things, is bound to be significant He expresses himself with 
characteristic style, kindlv, gaily, wittil} and always in a eleai and scholarh manner The 
size and the shape of the volume aie atti active It can be slipped into one’s pocket readih 
to be enjoyed in trams or on holidays m the countrv oi at odd moments when medical 
history seems most easily peiused The illustrations make up an impoitant feature of the 
publication The original drawings oi phologiaphs fiom which the cuts were made have 
been borrowed for the occasion from the collections of certain of Di Hernck’s cardiologic 
intimates, wdio must be pleased to have their ti ensures exhibited so handsome!} 

Now any disciple of Aesculapius can go on a pcrsonall} conducted tour through the lnstoiv 
of heart disease with Dr Herrick as guide The trip is worth taking It is a privilege to 
be introduced to worthies like Hebei den, Parry, Stokes and the rest of the long line of equallv 
distinguished cardiologists by a person who seems to know them all so aft’ectionatelv and who 
indeed, is himself an impoitant member of their brotherhood 
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conditions not associated with hemolytic stieptococci was 14 days Hemolytic 
streptococci were responsible for about two thirds of the cases of sore thioat and 
sinusitis 

In compaung the soie thioat gioups with a senes of patients with scailet fever 
vho t\eie of the same age and studied at the same time as those with sore thioat 
(table 1) it was seen that cases of soie thioat caused by hemolytic stieptococci were 
complicated moie than twice as frequently as cases of soie throat not caused by 
hemolytic stieptococci, and almost exactly as frequently as the cases of scarlet fevei 
Numencally, the complications weie quite sinnlai, but the complications of the 
cases of scarlet fevei were moie severe, including two deaths, and renal involve- 
ment appeared moie frequently 

Though full cognizance is taken of the fact that scailet fevei is a moie serious 
disease than hemolytic sti eptococcus sore thioat without a rash, insistence on strict 
quaiantming of patients with scailet fever for twenty-eight days and disregard 


T ^ble 1 — Covtpai tson of Complications in Thicc Gioups of Ninses zvith Soie Throat 


Sore Tliront Not 


Sore Throat Caused by 


Per 

Associated with 


Per 



Per 

Hemoly tic Streptococci 


cent- 

Hemolytic Streptococci 


cent 

Scarlet Fey or 


cent- 

(159 in Group) 

Cases age 

(81 in Group) 

Cases age 

(GO in Group) 1 

Cases 

age 

Sinusitis 

43 

27 0 

Sinusitis 

5 

G 2 

Sinusitis 

G 

10 0 

Cervical adenitis 

13 

82 

Cervical adenitis 

2 


Cervical adenitis (1 deep 



Otitis media 

G 

38 

Otitis media 

1 


cervical abscess) 

5 

83 

Rheumatic fever 

6 

) 

Rheumatic fe\ cr 

1 


Otitis media 

4 

0 7 

Persistent tachycardia 

2 

1 

Persistent tachycardia 

1 


Rheumatic fever 

1 ] 


Reactivation of rheu 


1 57 

Persistent pharyngitis 



Acute polyarthritis 

2 

6 7 

matic fey er 

1 

i 

and tonsillitis 

2 


Persistent tachycardia 

1 J 


Rheumatoid arthritis 

1 

1 

Persistent asthenia 

1 


Acute nephritis (1 death) 

3 

5 0 

Persistent tonsillitis and 



Bronchitis 

2 


Transient albuminuria 

G 

10 0 

pharyngitis 

4 

25 

Peritonsillar abscess 

1 


Hemolytic streptococcus 



Acute nephritis 

1 


Lumbar my ositis 

1 


septicemia (death) 

1 


Persistent asthenia 

o 



— 


Pyelitis 

1 


Peritonsillar abscess 

1 


Total 

17 

21 0 

Acute enteritis 

1 


Erysipelas 

1 





Acute appendicitis 

1 


Pleuritis 

1 





Bronchitis 

1 


Lacrimal abscess 

1 









Appendicitis or meson 






Total 

33 

55 0 


teric lymphadenitis 1 

Hemol\ tic streptococcus 
carrier 1 


Total 84 52 S 


of quarantine for patients with sore throat without a rash still seem somewhat 
inconsistent 

NORMAL BACTERIAL FLORA OF THE THROAT AND NOSE 

The extremely difficult problem of establishing what bacteria are found in the 
thioat and nose under normal conditions must be solved before one can impute 
pathologic significance to certain organisms m a culture containing a number of 
varieties No claim to completeness is made for our studies Young adults who 
weie on duty and supposedly not ill were chosen as subjects It was often found 
that some of them had slight fever and slight leukocytosis Examinations of the 
noses and thioats of these often revealed considerable inflammation The exam- 
inations of the total group were scatteied through the months of November, 
January, February, March, April, May and June For that reason the incidence 
of hemolytic streptococci may be a little higher than average A typical cross 
section of the entire population would require a much larger series 

The smeais of matenal from the throats (table 2) were stained with dilute 
gentian violet, so that Vincent’s organisms could be more easily distinguished 
Thus the bacteria are divided only according to their morphologic character, not 
accoi ding to their staining properties The well known fact that spuilli and fusi- 
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disability caused by tiie average attack or SORE 

THROAT OR SINUSITIS 

In a previous report 1 we showed that the average total time lost by a Cook 
County Hospital nuise is 75 7 days m a three yeai period of training — approximately 
7 per cent of her total tune — 20 46 days of which (27 per cent) is fiom the atore- 



Chart 1 — Incidence of respiratory infections in a nursing group averaging 1,034 member-* 
over a five yeai period The number off duty with tonsillitis, pharyngitis, larjngitis and 
sinusitis averaged 27 21 per month — 2 6 per cent of the nursing population The number oft 
duty with influenza, grip and simple rhinitis averaged 14 53 per month — 1 4 per cent of the 
nursing population 



Chart 2 — Monthly distribution of 1,115 cultures of material taken from the tin oats of 
persons with infections of the upper respiratory tract or exposed to such infections between 
Tan 1, 1937 and Jan 1, 1940 The number of cultures negative for hemolytic streptococci 
( ) was 800 , the number positive for these organisms ( ) was 315 

mentioned diseases The average time lost pei attack of soie throat and sinusitis 
caused by hemolytic streptococci was 16 85 days, and the time lost because ot such 

1 Rhoads, P S, and Afremow, M L Clinical and Statistical Study of Sore Tin oat in 
Young Adults, Arch Path 26 403 (July) 1938 
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Cultures of matenal fiom the noses (table 5) were made in exactly the same 
way, the swab being mtioduced at least 1 inch (2 5 cm ) mto each nostril Staphy- 
lococci were found in every culture No special pathologic significance of the 
hemolytic forms appealed m this series, although it is our belief that the hemolytic 
Staphylococcus aureus in raie instances causes smus infections and soie tlnoat 
No influenza bacilli weie encountered, although they were occasionally piesent m 
cultures fiom persons with “diffuse uppei respiratoi \ infection” 


Table 4 —Cluneal Data on Camas of Hemolytic Siicptococci Among Eighty-Five 

Supposedly Notinal Young Adults 



Temper 

White 


Kind of 

ature. 

Blood Cell 

Clnical landings 

0 row th 

r 

Count 

3+ 

9SG 

8, GOO 

exposed to scarlet fc\cr two dajs prcyiously , sore throat for two days 

3-r 

9SG 

8,200 

Exposed to scarlet feyer two days preyiousiy throat acutely inflamed. 


chronic sinusitis 

4+ 

9SG 

Xo count 

Exposed to scarlet feter two days prcyiously, no pathologic condition 



found 

4 + 

994 

G 900 

Uad scarlet feyer one month ago throat still inflamed 

2 - l - 

98 2 

10,050 

Inflamed tonsil pains in joints 

2-r 

99 S 

13,200 

Throat and noso inflamed 

2+ 

98 G 

9,000 

Aeuto sore throat six weeks ago, pharynx still inflamed, chronic sinusitis 

2+ 

99 2 

10,800 

Chronic sinusitis, continued pains in joints, throat inflamed 

1+ 

980 

5,100 

Tonsillectomy because of arthritis three months ago, none at present 

1+ 

93 6 

10,300 

Cold three weeks ago, throat still slightly inflamed, albuminuria 

1+ 

994 

Xo count 

Chronic sinusitis, throat and nose inflamed 

1 Col 

97 G 

7,800 

Xo pathologic condition 

1 Col 

98 0 

11,100 

Xo pathologic condition 

3 Col 

98 0 

10,000 

Sec ere sore throat three months prcMousiy, throat still slightly inflamed 

5 Col 

99 2 

10,550 

Throat slightly inflamed, has a cold 

2 Col 

98 4 

G.200 

Xo pathologic condition 

"Col 

98 G 

6,300 

Xo pathologic condition, recent exposure to scarlet feyer 


Table 5 — Analysis of Findings m Cultures of Material Taken from Noses of Young 
Adults Who Were Supposedly Not III (Chiefly Medical Students, 

Nwses and Hospital Technicians) * 


Organisms Xoted in Cultures on Blood Agar (75 Had 

a Growth) 

Times round 

Percentage 

Staphylococci 


7") 

100 

Albus 

58 times 



Albus hacmolyticus 

19 times 



Aureus 

10 times 



Aureus haemolyticus 

5 times 



Oitreus 

1 time 



Diphtheroids 


10 

13 

Hemolytic streptococci 


4 


Anhemoiytic streptococci 


4 


Green forming cocci 




Gram positive bacilli (not further differentiated) 


2 

O 

Gram negative diplecocci (not further differentiated) 


2 

*•» 

u 


* AH were questioned regarding recent respiratory Infections and recent exposures to respiratory infec 
tions Temperatures -were taken and leukocyte counts made for most of them 


The clinical findings in those members of the series harboung hemoljtic strep- 
tococci, anhemoiytic streptococci and green-forming cocci m their noses aie given 
in table 6 No heavy growth of hemolytic streptococci was found Of the 4 persons 
m whose cultures they were present, 2 appeared to have normal mucous membianes 
One of these, however, had been exposed to scarlet fever two days previously The 
other 2 had inflammation of the nose or pharynx Anhemoiytic streptococci and 
green-forming cocci appeared to be unassociated with pathologic conditions m only 3 
of 9 cultures It is our belief that the organisms of the groups just mentioned 
rarely occur in the noses of normal persons 
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form bacilli appeal m a high percentage of throats and that a diagnosis of Vincent’s 
angina can be suppoited only by the finding of laige numbers of these organisms is 
again demonstiated 

The cultures of material fiom the throats (table 3) were made by rubbing a 
cotton swab over the phaiynx and tonsils, or tonsillar fossae, then transfening the 
inoculum to a blood agai plate (p H 7 4), where it was spread over the suiface b\ 
a AVire spreader oi bent glass lod They were read at twenty-foui houis It is 
seen that cocci causing gieening on blood agai vere found in eveiy cultuie These 
were known to be Stieptococcus wndans and pneumococci, but no dififeientiation 
was attempted in this senes They are mentioned because it seems still not to 

Table 2 — Analysts of findings in Smcais of Material Taken fiom Tin oats of Young 
Adults IVIto JVcrc Supposedly Not III (Chiefly Medical Students, 

\ in tes and Hospital Technicians) ' 


Organisms Noted In 7S Smears Made t 

Times Found 

Percentage 

Cocci (no differentiation attempted) 

Bacilli not with the morphologic character of fusiform bacilli (no further 

77 

00 

differentiation) 

Cl 

78 

Fusiform bacilli 

m 

28 

Spirilli 

10 

13 

Micella 

6 

C 


* All were questioned regarding recent respiratory infections nnd recent e\posuros to rosplrnton lnfec 
tions Temperatures were taken and leukocyte counts mndo for most of them 

f None of the patients had Vincent’s angina No connection Mas found between the presence of spirllh 
and fusiform bacilli and hemolytic streptococci In cultures of the samo material 


Table 3 — Analysis of Findings in Cultures Made fiom Material Taken from Thioats 
of Young Adults Who Were Supposedly Not III (Chiefly Medical 
Students, Nurses and Hospital Technicians) * 


Organisms Noted in So Cultures Mndo on ( Blood Agar 


'limes Found 

Percent lgc 

Cocci causing greening on blood agar (no further differentiation) 


S5 

100 

Staphylococci 


oO 

70 

Albus 

•10 times 



Albus haemolyticus 

S times 



Aureus 

C times 



Aureus haemolyticus 

6 times 



Gram negative micrococci chieflv Micrococcus cntarrhnlis nnd Micrococcus 



pharyngis siccus 


U 

G! 

Hemolytic streptococci 


17 

20 

Sarcinae 


22 

25 

Anhemolytic streptococci 


0 

11 

Diphtheroids 


G 

7 

Largo gram positive bacilli 


G 

7 


* All were questioned regarding recent respiratory Infections and recent exposures to respirator} imec 
tions Temperatures were taken and leukocyte counts made for most of them 


be appreciated by all physicians that colonies of Sti vmdans are almost imariably 
jiresent m material properly taken from thioats m this geographic area 

Staphylococci and gram-negative nuciococci weie found in the majonty of 
cultures Anhemolytic sti eptococci, while found infrequently, were thought to hat e 
no special pathologic significance Since our chief interest in this study was m 
hemolytic streptococci, the significant associated clinical findings in those peisons 
found to be harboring them aie summarized m (table 4) Of 4 persons having 
large numbers of hemolytic streptococci — as indicated by a 3 plus or a 4 plus nota- 
tion — 3 had been quite recently exposed to scarlet fever Two of these had 
definitely inflamed throats The fouith was convalescent from scarlet fevei The 
majority of the hemolytic streptococcus carriers with less strongly positive cultuies 
had inflamed throats and slightly elevated leukocyte counts and some had slight 
fever The impression gained here that hemolytic streptococci rarely occui m laige 
numbers in perfectly normal persons had support in studies to be shown latei 
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m all Forty-seven pei cent of the nuises assigned to the Childiens Hospital had 
cultures showing this type of stieptococci when they arrived, indicating the high 
rate of exposuie tluoughout the entire hospital Of those who entered free of 
these organisms, 72 6 per cent had acquit ed them, as revealed by cultuies, at some 
time befoie the)^ finished their seivice Howevei, only 5 1 pei cent of the total 
number of cultures were stiongly positive foi hemolytic streptococci, as indicated 
by a 3 or 4 plus recording , of the remaining ones, 13 7 per cent were 2 plus and 
34 6 per cent 1 plus 

A study of the physical condition of the nurses who harboied hemolytic stiep- 
tococci (table 8) revealed that 47 of the group of 200 nurses had at some time 
one or more 3 plus oi 4 plus cultuies Thnty of this 47 — almost two thirds had 
an active infection of the nose or the throat at the time the culture was taken or 
had been off duty with acute sore thioat or sinusitis within six weeks of that time, 
and 20 of them were sick enough that they had to go off duty 

Sixty more nuises of the group of 200 had one or moie 2 plus cultures but 
never any with heavier growths Only thiee of them were found to have frankly 


Table 8 —Study of Physical Condition of Nuises Whose Cultuies Were Positive 

foi Hemolytic Streptococci 



Number 

Percentage 

Total number of nurses studied 

200 


Nurses haung at some time 3+ or 4+ cultures 

Nurses having 3+ or 4+ cultures who had pathologic findings m 

47 

23 6 

nose and throat 

All of these had an actne infection at the time mntenal was 
taken for culture or had been oil duty within si\ weeks of that 
time with acute sore throat or sinusitis 

Nurses having 3+ or 4+ cultures who had to go off duty during 
their service at the Children's Hospital because of sore throat 

30 


or sinusitis 

The c e twenty nurses lost 132 dajs off dutj, an average of 

6 6 days per nurse 

20 


Nurses having 2+ but not 3+ or 4+ cultures 

Nurses with 2+ cultures vilio had pathologic findings in nose and 

GO 

30% of plus culture 

throat 

The time lost because of sore throat and sinusitis in this group 
was 16 days 

3 



pathologic changes in the throat oi the nose, and only these nurses were lequired 
to go off duty because of infection in these legions The physical status of those 
with 1 plus cultures only was not determined, because they were not required to 
leport for examination Our records do not show that any were forced to go off 
duty because of infection of the upper respiratory passages Thus it appears that 
the majority of those persons who have large numbers of hemolytic streptococci 
m the throat or the nose have active infection in these areas or are convalescent 
fiom such infection 

How much of a menace those persons constitute toward the persons with whom 
they are in contact cannot be determined from this study However, if an analogy 
may be drawn with another disease characterized by sore throat due to hemolytic 
streptococci, scarlet fever, it will be seen that the rate of spread to direct contacts 
is alarmingly high At the Cook County Contagious Hospital 21 per cent of the 
patients with scarlet fever studied over a thirteen month period had another mem- 
ber of the immediate household in the hospital with scarlet fever during their 
period of hospitalization or within a few days of the time they returned home 2 


2 Rhoads, P S , T ucker, W H , and Rappaport, B 
Contacts, JAMA 117 1063 (Sept 27) 1942 


Management of Scarlet Fever 
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CARRIERS or HEMOLYTIC STREPTOCOCCI 

That hemolytic streptococci are leadily spread fiom one person to another is 
shown by the fact that 20 per cent of a gioup of normal young adults haiboied 
hemolytic streptococci m their throats while 41 (53 4 pei cent) of a gioup of 77 
persons in our own practice who were directly exposed to scailet fevei Mere found 
to have these organisms in their throats In this same connection a study ot 


Table 6 — Clinical Data on Supposedly Normal Young Adults Who Were Found to 

Harbor Streptococci in Their Noses 


Hind of 

Temper 

ature 

White 
Blood Cell 


Growth 

P 

Count 

Clinical Tindlngs 

1+ 

98 4 

9 550 

Carriers of Hemolytic Streptococci 

Acute pliarjngitls 2 dajs after culture wns taken 

1+ 

9S6 

7,630 

I*o pathologic condition 

2+ 

99 4 

G,900 

Scarlet fever 1 month previous nasal mucosa still inflamed 

1 Col 

9S2 

6 300 

Exposed to scarlet feicr 2 dajs before no pathologic condition 

3+ 

98 G 

7 800 

Carriers of Anhcmolj tic Streptococci 

ho pathologic condition 

2+ 

9S4 

7,250 

Just ojer a cold, mucous membranes red 

4+ 

98 G 

8 GOO 

Chronic paranasal sinusitis 

1+ 

992 

No count 

No pathologic condition 

1+ 

98 4 

8 200 

Carriers of Green lorming Cocci 

No pathologic condition 

3+ 

99 4 

10 800 

Chronic sinusitis 

4+ 

93 9 

10,000 

Chronic sinusitis 

1+ 

99 

8 900 

Chronic sinusitis, acute cold 1 neck ugo 

l*r 

9SG 

9,000 

Chronic sinusitis, last acute flareup G vccks ago 


Table 7 — Study of Tzvo Hundred Nurses at Cook County Child) cn’s Hospital Who 
Had Cultures Made of Material from Nose and I liroat When They 
Began Duty and at Weekly Iuteizals Thcicaftci 



Number 

Percentage 

Total number of cultures 

1,000 


Cultures positive for hemoljtic streptococci 

855 

53 4 

Cultures negative for hemolytic streptococci 

715 

40 6 

Cultures 3+ or 4+ for hemolytic streptococci 

82 

51 

Cultures 2+ for hemolytic streptococci 

220 

13 7 

Cultures la- for hemolytic streptococci 

553 

34 G 

Total number of nurses for whom cultures uerc made 

2C0 


Nurses whose initial culture showed hemolytic streptococci 

94 

47 

Nurses whose initial culture shoved no hemolytic streptococci 

10G 

53 


Of the 10C nurses who entered with a negative culture, 77 (72 0 per cent) had hemolytic streptococci in 
their throats or noses before they left the Children’s Hospital (An aierago of eight cultures were taken 
per nurse ) Twenty nine continued to have negative cultures throughout tbeir staj 


200 nurses chosen alphabetically from the Cook County Children’s Hospital is of 
interest (table 7) 

In a previous study 1 we had found that sore throat due to hemolytic strep- 
tococci occurred more frequently m nurses on duty in the Children’s Hospital 
than in any other division of Cook County Hospital save the Contagious Hospital 
Dr M L Blatt and his associates there wished to learn whether nurses were 
spreading hemolytic streptococci among the patients As a part of this study, all 
nurses had cultures made of material from the nose and throat, on blood agar, 
when they began service and at weekly intervals thereafter An average of eight 
cultures were made per nurse on the group selected foi study, making 1 600 cultui es 
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INCIDENCE AND CLINICAL SIGNI1ICANCE Or STREPTOCOCCUS VIRIDANS 
AND PNEUMOCOCCI IN CULTURES OT MATERIAL 
TROM THE NOSE 

In a series of 591 cultures (table 10) of material taken from the noses of persons 
suffering from infections of the upper respiratory tract at all seasons of the yeai , 
only 73 (12 3 per cent) were found to contain green-forming cocci An estimation 

Table 10 — Analysis of Data on Nasal Cultures in Winch Green-Forming 

Cocci Were Found 


Number Percentage 


total number of cultures 

Number In which green forming cocci were found ^ 

Given colonies unidentified further IS times 

Streptococcus viridans time= 

Pneumococcus „ , , 21 times 

Type III G times 

Undetermined 5 times 

Type XXIII 2 times 

Typo XXn 2 times 

Type VI 1 time 

Type XXV 1 time 

Type XIX 1 time 

Type XI Itime 

Typo VII 1 time 

Number of cultures containing green forming cocci associated with 
clinical findings that indicated actne disease 72 

Number of cultures containing green forming cocci from irankh 
allergic persons with exacerbation of chronic rhinitis or sinusitis 46 


12 3 


03 G 
G3 


Number of cultures from children 12 years or under 
Number of cultures positive for green forming cocci 


115 

21 18 3 


Number of cultures from adults 

Number positive for green forming cocci 


47G 

52 10 9 


Table 11 — Portion of Summarized Clinical Findings in Persons zvith Streptococcus 
Viridans or Pneumococci in Nasal Cultuies 


Green 





Colonics 

Str 

Pneumo 

Date 

Initials 

Age Unidentified 

Viridans 

coccus 

3/20/39 

M A 

8 


++++ 


1/ 11/39 

J B 

A 


+ 


4/10/39 

51 A 

A 

•4 



4/29/39 

r T 

11 



Tjpe 19 






J -- + 

5/ 4/39 

M N 

A 


-*- + 


5/15/39 

M S 

A 

JL. _U 



5/19/39 

B O 

4 

-- 4 - 4 . 



5/25/39 

51 S 

A 




6/29/39 

J W 

S 




10/ Si iO 

K W r 

A 



Type 3 






+++ 

10/14/39 

51 L 

\ 



Tvpc i 






++ + 

11/20/39 

A V 

C 



Type 11 






+- 1 - 


Temper- 

ature, 


Clinical Tindings P 

Acute pharjngitis and rhinitis in allergic 
child, white blood cell count 15,050 102 

Acute sinusitis (chronic allergic rhinitis) 98 0 
Acute flareup of chronic allergic sinusitis 99 2 
Acute exacerbation of chronic rhinitis 
albuminuria 99 4 

Acute rhinitis with prostration 99 2 

Chronic allergic rhinitis and iritis 99 0 

Acute rhinitis and tonsillitis 102 4 

Acute flareup of chronic allergic rhinitis, no 
fever 

Acuto flareup of chronic allergic rhinitis 101 2 

Aeuto sinusitis 101 0 

Chronic allergic state with acute sinusitis 
and asthma 

Acute pharyngitis and rhinitis 103 0 


of the clinical significance of these organisms m this series was attempted From 
58 of the 73 cultures m which the green-forming cocci were found, four to six 
colonies were transferred to tubes of broth in which pneumococci were proved to 
grow well and the cultures were examined microscopically and foi solubility m 
bile In this way 21 (36 2 per cent) of the 58 cultures were identified as pneumo- 
cocci and the remainder as Str viridans The two organisms w ere seldom found 
together m 'the nose 
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It is seen in table 9 that often secondaiy cases occui aftei a patient has been 
discharged from the Contagious Hospital and i etui ns home, at the end of twenty- 
eight days, as a so-called healthy carrier How long such peisons may remain 
earners has not been determined m our studies, but we found by examining the 
records of the past five years at the Evanston Hospital that 63 per cent of the 
patients with seal let fever had positive cultures at the end of their twenty-eight da} 
quaiantme One of our private patients had strongly positne cultures for foui 
months 

While the great piactical difficulty of quaiantinmg all peisons who harboi 
large numbers of hemolytic stieptococci m the nose and throat is thoroughh 
appreciated by those who have tiled to quaiantme e\en an occasional one, the 
necessity of dealing more adequately wuth the camei problem is easily apparent 
In coopeiation with Dr John Coultei, Di Alfied Lewy, of the staff of the Cook 
County Nurses’ Infirmary, tried treating the nasophaiynx and phaiynx daily with 
ultraviolet rays, without ridding the throats of hemohtic streptococci Giung 
sulfanilamide ovei as long periods as the nurses would take the drug w r as equalh 
unsuccessful 

Table 9 — Typical Sequence of Cases of Scailcf Tci’ci in Tzco Families of the Cool 
County Hospital Scries (From Rhoads, P S Tuclct, I! ' H , and Rappoport, 
Benjamin Management of Scarlet I czci Contacts, J .1 M A 
117 1063-1065 [Sept 27] 1941) 


2<amc 

tge 

On^et 

Admission 

Discharge 

Iirst fainilj 

Frank 

0 

0/11/39 

9/18/39 

10/13/„o 

George 

10 

10/17/30 

10/19/39 

11/11/ 9 

Geraldine 

S 

10/1S/3O 

10/19/39 

11/18/ 19 

Lee 

■1 

11/ 1/, 0 

11/ 9/C0 

11/ 2/39 

11/29/30 

Paul 

S mo 

Cared for at home 

Second familj 

Lillian 

q 

32/ 9/39 

12/11/39 

1/ 0/10 

Clifton 

30 

1/ 9/10 

1/13/10 

2/ 0/10 

Mildred 

13 

1/11/10 

1/15/40 

2/11/10 


In 1941 Schoenbach, Endeis and Mueller 3 leported that tyrothncin (an 
extract from Bacilhs brevis of Dubos) in a dilution of 1 100 m physiologic solution 
of sodium chloride with 2 5 per cent glycerin, when spiated onto the rlnnopharynx, 
was effective m terminating the camei state in 5 peisons convalescent from scarlet 
fever This method was tried by us in the treatment of 2 nurses, but cultures of 
material fiom their throats showed no change in the numbers of hemolytic 
streptococci 

Placing cainers of hemolytic stieptococci in emironmcnts in which they do 
not encounter more streptococci is an important pait of the legnnen to i id them 
of the cairier state 

Daily spraying of the throat and the nose w ith a 2 5 per cent solution of sodium 
sulfathiazole (2-[paraammobenzenesulfonamido]-thiazole) or of sodium sulfadia- 
zine (2-[paraammobenzenesulfonamido]-pyiidme) has appeared to terminate the 
earner state m 9 persons 4 In others a combination of spraying of the nose and 
throat with a solution of a sulfonamide compound and administering of sulfadiazine 
by mouth has appeared to help But none of these methods is uniformly effective 

3 Schoenbach, E B , Enders, J F, and Mueller, J H The Apparent Effect of 
Tyrothrjcin on Streptococcus Hemolyticus in the Rhinopharynx of Carriers, Science 94 217 
(Aug 29) 1941 

4 This statement is based on work to be reported in another article 
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Ho\ve\ei, gi een-formmg cocci, as well as hemolytic stieptococci, when louncl 
m cultuies of matenal fiom the nose weie neaily ahvays associated with frank 
infection of the nasal mucosa, the sinuses or the nasopharynx 

Among persons duectly exposed to hemolytic stieptococcus infections (such 
as those coming m contact with patients suffering from scarlet fevei 01 nurses on 
duty in children’s hospitals) the incidence of hemolytic stieptococci m cultures 
of matenal from the throat and the nose was moie than 50 per cent, while m an 
aveiage gioup of young adults it w r as 20 pei cent 

Theie is abundant evidence that so-called healthy carneis spiead scailet fevei 
The assumption is reasonable that cainers of nonspecific hemolytic stieptococci 
also spiead infection to those with whom they come m contact 

No uniformly successful method of ridding earners of hemolytic stieptococci 
has been found by us 

While green-forming cocci aie regarded as normal inhabitants of the thioat, 
they w r ere rarely found in the nose except in association with definite mlection of 
the nasal mucosa or sinuses They were found moie frequently in childien s colds 
than m those of adults 

CONCLUSIONS 

Hemolytic stieptococci aie responsible foi about two thuds of the attacks of 
tonsillitis, pharyngitis, laryngitis and sinusitis in young adults These diseases aie 
probably more frequent and cause moie disability than any other diseases affecting 
this age group 

Pei sons who harbor large numbers of hemolytic streptococci in then throats 
and those wdio harbor these organisms or green-formmg cocci m then noses usually 
hate an active infection or are convalescent from an active infection 

The senous results of allowing cai neis of hemolytic streptococci to cuculate 
m groups of young adults, such as soldiers in barracks, is appai ent 

Cultuies of matenal from the throat and the nose on blood agai aie inexpensive 
and easy to make, and not difficult to interpret They should be made m all 
instances of infection of the throat or the nose 

Senous consideration should be given to quarantining of peisons hai boring 
hemolytic streptococci m the throat or the nose oi green-formmg cocci m the nose 
More effective methods of ridding carriers of these organisms urgenth need to 
be devised 

636 Chuich Street, Evanston, 111 
32 West Madison Street, Chicago 
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Type III was the most frequent type of Pneumococcus found — the rest of the 
21 cultures being widely scatteied among the othei types None of the patients had 
pneumonia at the time the cultures weie taken — -which piobably accounts toi the 
fact that types I and II were not encounteied 

The striking facts hi ought out by the clinical findings in these peisons (table 
11) are that neatly all peisons haibonng green-foiming cocci in the nose aie ill 
or recovering fiom acute infectious of the nose and the throat and that a high 
percentage are frankly alleigic Whether the intection with these organisms is 
the result of the allergic state oi the cause of it was not determined in oui studies 
Another interesting finding was the much greatei fi equcncy of green-foiming cocci 
m children’s noses than in those of adults We had the impression that this was 
tiue but had no confiimation ol the fact until this study was made A possible 
explanation may he in the shoiter distance in children fiom the nasophannx to 
the nares Possibly the swab moie often leaches the natural habitat of these organ- 
isms m young persons Oui results aie in agreement with those of Jacobson and 
Dick, 5 who found that green-forming cocci were rarely present in nasal cultuies 
m the absence of acute ihmitis and/oi paranasal sinusitis They also noted that 
children harbored these organisms in the nose moie fiequently than adults 

SUMMARY 

In a nursing group averaging 1,054, ovei a fi\e yeai period the ateiage numbei 
oft duty at all times because of infection of the upper lespiratory tract was 4 pei 
cent of the entire numbei Of the ones so disabled, 65 pei cent were thought to 
have bacterial infections, including acute tonsillitis, phaiyngitis, laryngitis, puiu- 
lent rhinitis and paranasal sinusitis The othei 35 per cent had simple ihmitis 
influenza or grip— -all thought to be vnus infections The peak of the bactenal 
infections of the nose and tin oat was in January, Febiuary, March and Apnl. while 
the peak of the virus infections was in Decembei — at -which time the incidence 
always rose sharply 

Among a group of nursing students studied through then three yeais of train- 
ing, the average tune lost because of bacterial infections of the nose and tin oat was 
20 46 days — 27 pei cent of the total tunc lost b> them because of illnesses ot 
various types 

Sixty-six pei cent of these infections appealed to be caused by hemolytic 
stieptococci The average time oft duty caused by each attack of sore tlnoat 
or sinusitis due to hemolytic streptococci was 16 85 days 

The complications resulting from these infections caused by hemolytic stiep- 
tococci weie almost as numerous as those in a series of patients with scailet leier 
of the same age, studied over the same penod, though not as serious 

Among normal young adults (chiefly medical students) 20 per cent weie tound 
to harbor hemolytic streptococci Those whose cultures contained laige numbers 
of hemolytic streptococci were found often to have inflammation of the tlnoat or 
the nose, slight fever and leukocytosis Others were convalescent fiom lecent 
infections In no instances were noimal-appeaiing mucous membranes found to 
contain hemolytic streptococci in laige numbei s 

Green-forming cocci (Str vmdans and/oi pneumococci) were found in eveiv 
culture made of material swabbed from the tlnoat They w^ere theiefoie legal dec! 
as normal inhabitants of the pharynx 

5 Jacobson, L O, and Dick, G F Normal and Abnormal Bactenal Flora of the Nose 
JAMA 117 2222 (Dec 27) 1941 
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of the test The bladder was emptied A 0 5 cc dose of solution of posterioi pituitary of 
twice U S P strength (10 U S P posterior pituitary units) or occasionally a similai 
amount of pitressin w r as injected subcutaneously The urine was collected in one and two 
hours The higher specific granty was recorded 

In both tests the specific gravity was measured in a calibrated unnometer and corrections 
made for albuminuria and temperature None of the specimens exhibited sugar 

In 11 cases the test with solution of posterior pituitary was compared with a phenol- 
sulfonphthalein test For the latter the method of Chapman and Halsted 8 was used The 
bladder Avas emptied, 600 cc of water was ingested and thirty minutes later 1 cc of phenol- 
sultonphthalein solution (6 mg) was injected intravenously Urine was collected in fifteen 
minutes and one hour How-ever, only the result for the fifteen minute sample was recorded 
as it was the more significant one 

This comparison with this phenolsulfonphthalein test was included because Goldring, Clarke 
and Smith 1 showed that at the low' concentration in the plasma occurring in the test about 
94 per cent of the phenolsulfonphthalein is excreted by tubular secretion and only 6 per cent 
b> glomerular filtration 

RESULTS 

A companson of the maximum a alues obtained in the test with solution ot 
postenoi pituitary and the Fishbeig test foi 67 subjects is recorded m the tables 
The two concentration tests gave similai lesults The fiist test gave slightly lnghei 
a alues m the majority of cases Foi the 6 subjects without lenal oi Aasculai 


Table 1 — Nonmil Subjects (Pci sons Without Vascttlat oi Renal Disease) 


Subject 

Age 

Blood 

Pressure 

Fishberg 

Test 

Test \\ ith 

Solution of 

Posterior Mosentlnl 
Pituitnrj Test 

Comment 

1 

18 

110/70 

1 027 

1 020 



41 

120/30 

1 023 

1025 


3 

18 

122/SO 

1 02G 

1020 


4 

25 

128/8S 

1019 

1 027 


5 

30 

120/90 

1 027 

1 031 


i> 

55 

ICO /SO 

1 020 

1022 



disease (table 1) the values Aveie above 1 022, in keeping with the noimal figures 
published by Sodeman and Engelhaidt 2 and Fishberg 1 

The 43 patients Avith hypertension oi hypertensive heart disease but without 
renal impairment (table 2) had values above 1 020 Here again there A\as 
fairly close similarity with the 'Fishberg test The greatest vanation ivas 0 013 
In most cases of variation the Fishberg test gave a lower value than the test Auth 
solution of posterior pituitary In 5 cases the Fishberg test gave a result beloiA 
1 020 whereas the test with postenor pituitary solution gave a normal result and 
no othei evidence of renal impaument existed 

The 15 patients with definite impairment of renal function (table 4), consisting 
ot 9 with malignant hypertension and 2 with chronic glomerulonephritis, had maxi- 
mum values for specific gravity below 1 020 m both the Fishberg test and the 
test with postenor pituitaiy solution The comparative results were extremelv 
close, the greatest variation being 0 004 

Only 4 subjects with congestive heart failuie were available (table 3) In all 
4 the solution of posterior pituitary seemed to give a maximum concentration even 
m the presence of edema Although an exact companson was not available, usuall) 
because the edema disappeared too lapidly, my previous experience ivith the Fish- 

3 Chapman, E M , and Halsted, J A Fractional Phenolsulphonephthalein Test in 
Bright’s Disease, Am J M Sc 186 223-232 (Aug ) 1933 

4 Goldring, W , Clarke, R W , and Smith, H W Phenol Red Clearance in Normal 
Man, J Clin Investigation 15 221-228 (March) 1936 




A RENAL CONCENTRATION TEST USING SOLUTION 
OF POSTERIOR PITUITARY 

LIEUTENANT HARRY C WALL 

MEDICAL CORPS, ARMY Or THE UNITED STATES 

The ability of the lenal tubules to concentrate mine is the basis of several 
clinical tests of lenal function m use today Fishbeig 1 expiessed the belief that 
the specific gravity tests aie the most useful tests of renal function available for 
the general practitioner and genei al hospital use Sodeman and Engelhardt 2 
lecently advocated use of solution of posterior pituitary for a renal function test 
.This test utilizes the antidiuietic pi mciple of the postenoi lobe of the pituitary 
gland and enables one to peifoim a renal concentration test without prolonged 
lestriction of the intake of fluids It has the further advantage of giving reliable 
results in the presence of ascites or cardiac edema, wheie other concentration tests 
cannot be used because of the impossibility of depnwng the kidneys of the excess 
fluid already available m the body The latter point is impoitant in deciding 
whether the function of the kidneys is good enough to permit the use of a mercurial 
diuretic in a patient with congestive heait failure that has not responded to the 
usual methods of tieatment 

Sodeman and Engelhaidt 2 hate shown that m noimal peisons 0 5 cc of solution 
of posterior pituitarj of twice U S P concentration (10 U S P posterior pituitary 
units) injected subcutaneous!) will inhibit the diuresis noimally produced by the 
ingestion of 1,600 cc of watei in fifteen minutes They Inn e further reported that 
maximum concentiation occurs within the first two hours after the injection of the 
solution and that 1 cc of the solution (20 postenor pituitary units) o i a previous 
period of restriction of the intake of fluids or of depnvation of fluids does not 
further elevate the specific giavity of the urine passed There is a similar anti- 
diuietic effect in patients with cardiac edema In normal persons they found that 
the specific gravity varies from 1 023 to 1 040, wdiereas m patients with unpaired 
renal function the maximum specific giavity is considerably reduced In their 
papei s they were more interested in the increase m the specific gravity of the urine 
passed before and after the injection of the solution of posterior pituitary than in 
a comparison of their test with a standard concentration test 

It seemed desirable to repeat this work and to compare their test with a 
standard renal concentiation test m a study of a laige number of peisons with and 
without impaired renal function 

TECHNIC 

The Fishberg 1 renal concentration test was used, m which no fluids arc allowed from 5 p m 
of the previous evening until 9 a m of the morning of the test Less than 200 cc of fluid 
was allowed with the evening meal, which was high m protein content The evening meal 
was eaten about 4 30 p m All overnight urine was discarded Urine specimens were collected 
at 7, 8, and 9am and the highest specific gravity recorded 

The test with solution of posterior pituitary was done without special preparation either 
in the morning or the afternoon No food or fluid was allowed during the two hour period 

1 Fishberg, A M Hypertension and Nephritis, ed 4, Philadelphia, Lea & Febiger, 
1939, p 74 

2 Sodeman, W A , and Engelhardt, H T (a) A Renal Concentration Test Employing 
Post Pituitary Extracts Response of Normal Subjects, Proc Soc Exper Biol & Med 46 
688-691 (April) 1941 , ( b ) A Renal Concentration Test Employing Posterior Pituitary Extract, 
Am J M Sc 203 812-818 (June) 1942 
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almost a yeai and had been tieated by adnnnisti ation of digitalis and lestnction of 
fluids His edema and symptoms weie maikedly impioved b) the use of mercuiial 
diuretics Hence caidiac failure was a piomment factoi m the impaiiment of Ins 
lenal function 

In the 11 cases in which the test with solution of postenor pituitaiy was com- 
paied with the intravenous phenolsulfonphthalem test (table 5), the lesults were 
similai By the technic used, the noimal peison excietes an aveiage of 35 per cent 

Table 4 — Subjects zvith Definitely Impattcd Renal Function 


lest with 
Solution of 




Blood 

Fishberg 

3U1UL1UU 

Posterior 

Mosenthal 


Subject 

Age 

Pressure 

Tost 

Pituitary 

Test 

Comment 

33 

47 

200/120 

ion 

1 011 



54 

45 

170/110 

1015 

1015 


Died in uiemia 4 weeks later 

55 

53 

240/160 

1015 

1 015 


56 

4S 

240/150 

1 023 

1026 


6 weeks later, died in uremia 3 months 
later 



280/180 

1011 

1015 


57 

4S 

180/110 

1014 

1018 

1 015 

5S 

44 

260/150 

1010 

1 010 



59 

4S 

180/130 

1 018 

1017 



60 

48 

224/170 

1010 

1009 


Died in uremia 

61 

44 

200/150 

244 /ISO 

1015 

1 017 

1 012 


4 weeks later died in uremia 1 month 






later 

62 

50 

180/110 

1019 

1016 



6o 

48 

158/110 

1 016 

1 016 



64 

46 

140/ SO 

1 on 

1014 



65 

66 

240/150 

1014 

1012 



66 

55 

166/ SS 

1014 

1012 



07 

29 

230/165 

1013 

1013 




T \ble 5 — Comparison o} Result of Test zvith Solution of Pituitaiy and 
Intravenous Phenolsulfonphthalem Test 


Intravenous 
Injection of 
Phenolsulfon 
pbthalein 




lest with (Percentage 

Subject 

Diagnosis 

Solution of 

Posterior 

Pituitary 

E\creted 

After 

15 Min ) 

3 

Aormal 

1 026 

40 

43 

H 5 pertension 

1 025 

30 

44 

Hj pertension 

1023 

30 

45 

Hypertension 

1 027 

30 

46 

Hvpertension 

1 024 

35 

47 

Hy pertension 

1 025 

50 

48 

Hypertensive heart disease 

1 027 

37 

49 

Hypertensive heart disease 

1 028 

40 

50 

Hypertensive-arteriosclerotic heart disease 

1 022 

15 ( 

53 

Chronic glomerulonephritis with congestive 
heart failure 

1 011 

2 5 

66 

Hypertension and chronic pyelonephritis 

1 012 

10 


Comment 


Chronic congestive heart failure 


of the dye m the first fifteen minutes , any amount less than 25 per cent is consideied 
abnoi mal 


ErFECT OF SOLUTION OF POSTERIOR PITUITARY ON HYPERTENSION 
AND THE CORONARY ARTERIES 

Sodeman and Engelhardt 2b observed no significant use in blood piessuie 
with 0 5 cc of solution of posterior pituitaiy of twice XJ S P strength ( 10 U S P 
postenor pituitary units) Goodman and Gilman 5 stated that m the normal subject 

5 Goodman, L , and Gilman, A The Pharmacological Basis of Therapeutics, New York 
The Macmillan Company, 1941, pp 647 and 664 
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berg test indicates that that test is not lehable in the presence of a lesenoir of 
excess fluid in the body In the case of subject 50, the specific gravity with the test 
with posterior pituitary solution was 1 022 and that with Fishbeig test 1 023, 


Table 2 — Subjects with Hypei tension Without Renal Impaument 






Test with 
Solution of 





Blood 

Pishberg 

Posterior 

Moccnthal 


Subject 

Age 

Pressure 

Test 

Pituitary 

Test 

Comment 

7 

44 

150/110 

1 021 

1 020 



8 

45 

100/110 

1 025 

1 024 



9 

52 

200/110 

1 020 

1 023 



10 

51 

210/110 

1 021 

1 025 



11 

61 

220/120 

1 018 

1 023 

1 024 


13 

43 

200/130 

1021 

1 024 



13 

40 

170/110 

1 018 

1 023 



14 

50 

204/122 

1 021 

1 023 



Id 

45 

200/130 

1 010 

1 022 





150/110 

1 024 

1 023 


5 months Inter 

10 

40 

190/130 

1 021 

1 027 

1 027 


17 

48 

178/120 

1020 

1 027 



IS 

51 

170/120 

1 027 

1 022 

1 025 


2 weeks inter 

19 

48 

210 250 
110-100 

1 020 

1 020 

1 021 


20 

44 

234/100 


1019 





220/130 

1 023 

1 021 


1 month inter 

21 

48 

190/110 

1032 

1030 



22 

17 

150/ 98 

1029 

1 026 



23 

44 

180/145 

1 020 

1 022 



24 

49 

190/130 

1 025 

1 026 



25 

45 

190/130 

1 022 

1 022 



20 

40 

2i0/120 

1 023 

1 023 



27 

45 

190/100 

1 023 

1 022 



28 

41 

190/120 

1 020 

1 025 



29 

49 

175/105 

1 020 

1020 



30 

4G 

178/110 

1 024 

1 027 



31 

48 

140/100 

1 023 

1 022 



32 

48 

170/120 

1029 

1024 



33 

53 

200/110 

1 030 

1030 



34 

54 

155/110 

1 024 

1 022 


Drank 1 glnss of water during test 

35 

55 

150/100 


1 017 



55 

150/100 

1022 

1 028 



30 

42 

180/120 

1 031 

1 030 



37 

50 

180/110 

1022 

1 021 



38 

47 

200/100 

1 02G 

1 028 



39 

45 

220/140 

1030 

1 022 


Ne\t dnj 




1 023 


40 

49 

155/105 

190 220 

1 017 

1 030 



41 

53 

1 019 

1023 



120/150 

42 

02 

214/124 

1 022 

1028 



43 

45 

160/110 

1 020 

1 025 



44 

48 

185/100 

1 023 

1023 



45 

53 

170/110 

1 022 

1 027 



40 

40 

150/100 

1 023 

1 024 



47 

50 

170/ 90 

1 026 

1 025 



48 

49 

205/120 

1 021 

1 027 



49 

51 

174/110 

1 023 

1 028 




Table 3 — Subjects with Congestive Hcait Failure 





Test with 

Solution of 




Blood 

Pishberg 

Posterior Mosenthnl 


Subject 

Age 

Pressure 

Test 

Pituitary Test 

Comment 

50 

53 

155/105 

1 023 

1 022 

Slight edema 

51 

51 

200/ 30 

1 015 

1017 

Marked edema 

No edema 

52 

55 

210/ So 


1 019 

Marked edema 




1 017 

1 019 

No edema 

53 

47 

220/120 

1 004 

1 011 

Congestive heart failure with edema 






during diuresis 




1011 

1 011 

No edema 


whereas the phenolsulfonphthalem excreted m fifteen minutes was only 15 pei cent 
and the nonprotem nitrogen content of the blood was 50 mg per hundred cubic 
centimeters This patient had been in a state of chronic congestive heai t failure for 
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Conti amdications for this test aie piegnancy and coronal y heart disease, 
especially acute myocaidial infarction In the piesence of angina pectons without 
recent infarction the test should be used with extreme caution 

SUMMARY AND CONCLUSIONS 

A renal concenti ation test using solution of postenor pituitaiy is descnbed 
This test is applicable without the necessity of pieviously depriving the patient of 
water and m the piesence of edema 01 ascites The lesults obtained for normal 
subjects, for patients suffenng from hypertension without impairment of lenal 
function, and for patients who had impaired lenal function compaie favorably 
with the results obtained with the Fishberg and phenolsulfonphthalein tests The 
advantages and contraindications aie descnbed 

Harding Field, Baton Rouge, La 
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no rise m blood pressure occuis fiom the injection of solution of postenor pituitar\ 

I checked the blood piessuie m 6 patients with hypei tension in whom the leadings 
had ranged fiom 170 systolic and 120 diastolic to 260 systolic and 170 diastolic, 
with the patients resting quietly in bed during the piocedurc In most of these 
subjects theie was a slight rise in the blood pressure in the first fifteen minutes o\er 
the initial lestmg pressure, but m no case did it go above the usual pressuie the 
patient maintained when he was up and about None of the patients on whom the 
test with solution of postenoi pituitary was done complained of distressing w nip- 
toms Graybiel and Glendy 0 wdio injected a dilute solution of pitressin mtia- 
\enously until distressing abdominal cramps weie produced, found onh slight 
changes m pulse rate, blood pressure, cardiac output and metabolic late m noimal 
persons, m patients w’ltli hjpei tension and in patients with angina pectons 

Solution ot postenor pituitai} and pitiessin aie known to constrict the coronan 
aitenes and this should contraindicate their use in patients w r ith disease of those 
aiteries My subject 37 had hypertensive ai tenoscJeiotic heart disease with angina 
class III Anginal symptoms w f ere produced b) slight effort, such as walk- 
ing up a short flight of stairs For this patient I used the test with solution ot 
postenor pituitaiy wuth extieme caution He remained in bed for tlnrt) minutes 
after the injection of 0 5 cc of the solution He had no discomfort Aftei he was 
up and about foi fifteen minutes, he felt slight substeinal distress and tingling 
down the left arm These symptoms piompth disappeared after he used ghcenl 
tnnitrate Grajbiel and Glendy 0 in the afoiementioned studies, using an mtia- 
\enous injection of pitiessin, found that anginal pain was not reproduced in 2 
patients with seveie angina pectons They concluded "that pitressin in amounts 
sufficient to provoke distiessing abdominal cramps does not significant!} decrease 
the blood supply to the myocardium m lelation to the work of the heart, and that 
it is safe and practical to give pitiessin to patients with coronan heart disease 

COMMENT 

This test of renal function promises to be an excellent addition to the standard 
concentration tests It seems to be as ichable as the Fishberg test Its adiantages 
are several It eliminates the necessity of the patient’s cooperating in a prolonged 
deprivation of fluids This is impoitant in dealing with an unintelligent or an 
uncooperative patient such as is often seen in clinic oi general hospital practice It 
is useful in office practice, saving the patient an extia tup and the necessit\ of 
carrying several bottles of urine Anothei nnpoi tant advantage is its usefulness m 
the presence of a reservoir of fluid m the form of ascites or edema, making lestnc- 
tion of fluids impossible In such a case a piompt estimation of renal function can 
be obtained It has been my practice to withold meicunal diuietics from patients 
in whom theie is an inability to concentrate urine to 1 016 If a patient with con- 
gestive heart failure has a test showung good concentration of urme (subject 50), 
even though he has letention of nitiogen, it is safe to use mercurial diuretics 

The mechanism of the antidiuretic action of solution of posterior pituitai) is 
discussed by Goodman and Gilman s The site of action is thought to be the loop 
of Henle of the lenal tubule This antidiuretic effect is essential foi physiologic 
reabsorption of water by these cells Solution of posterior pituitary will inhibit 
w'ater diuresis, but xanthines and mercurial diuietics counteract this antidiuietic 
action, and one should be caieful to omit these diugs before using the postenor 
pituitary test for renal function 

6 Graybiel, A , and Glendy, R E Circulatory Effects Following the Intravenous Admin- 
istration of Pitressin in Normal Persons and m Patients with Hypertension and Angina Pectoris, 
Am Heart J 21 481-489 (April) 1941 
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01 al administration, while foui to seven horns later the diug can no longei be tound 3 
In the urine the alkaloid appears within two to thiee hours after oral admimstiation 
and tiaces can be detected up to twelve to twenty-four houis 4 5 6 If a cinchona deriva- 
tne is administeied m dmded doses, the maximum concentration is found m the 
blood la or myocardium 3 about one to two houis after the last dose Undei these 
conditions a lai ger total amount is excreted in the urine J and a smallei amount is 
tound m the myocaidium s than when the same total amount is given as one single 
dose 

Clinical Studies — -When a cinchona denvative is given to a patient with auiicular 
fibi illation or fluttei, 0 a slowing of the auriculai rate and an mciease in the 
\ entricular rate have been observed These effects become evident about one-half 
hour aftei admimstiation of a single dose by mouth, reach a maximum m two to 
thiee hours and begin to decrease about one houi later They are still piesent eight 
hours after admimstiation of the drug but are not appaient in twenty-tom to thnty 
hours When qumidine is given mti avenously, the maximum slowing of the auricles 
occurs within ten minutes and persists foi ten to fifteen minutes, aftei which the 
auricular rate increases slowly, returning to the ongmal level aftei five houis in 
most cases 7 

Similar mfoimation is obtained by obseivation of the ventnculai late dui mg 
qumidme theiapy of ventncular tachycaidia Scott 8 reported on 1 patient in wdiom 
such parox)sms could be terminated invariably one-half to one houi aftei the oral 
administration of 0 4 Gm of qumidme sulfate Riseman and Linenthal, 9 in treating 
a patient with ventricular tachycardia of eight and one-half days’ duration, observed 
that the effect of each dose (qumidme sulfate by mouth or quinine diht di ochloi ide 
intramuscularly) became evident in one-half to one hour and leached its maximum 
w ithm tw o houi s, following which the effect decreased so that aftei appi oximately 
ten hours it w^as negligible 

Wilson and W ishart 7 found that w hen qumidme was given mti a\ enously to 
patients with auricular fibrillation the response occuri ed within ten minutes and the 
magnitude of effect was about twuce as great as when given oially Because the 
toxic effects w^ere so gieat, these investigate s concluded that intravenous admin- 
istration “promises comparatively little from the standpoint of practical thera- 
peutics ” Hepburn and Rykert 10 treated 9 patients with ventnculai tachycaidia 

3 Weisman, S A Studies on the Time Required foi the Elimination ot Qumidme 
irom the Heart and Other Organs, Am Heart J 20 21, 1940 

4 (a) Lewis, T , Drury, A N , Wedd, A M, and lliescu, C C Obsei\ation upon 

the Action of Certain Drugs upon Fibrillation of the Auncles, Heart 9 207, 1922 ( b ) Lewis, 

T The Value of Qumidme in Cases of Auricular Fibrillation and Methods of Studying 
the Clinical Reaction, Am J M Sc 163 781, 1922 (c) Wedd, A M , and Hubbard, R S 

Rotes on Dosage and Excretion of Qumidme Sulfate, Clifton M Bull 15 69, 1929 

5 Wiechmann, E Ueber die Ausscluedung des Chmidins 1 m Harn, Ztschr f d ges 
exper Med 7 155, 1919 

6 (a) Wedd, A M Notes on the Action of Ceitain Drugs in Clinical Flutter, Heart 

11 87, 1924 ( b ) Scott, R W Clinical Observations on Qumidme, J Pharmacol & Expei 

Therap 19 264, 1922 (c) Lewis, Drury, Wedd and lliescu 4a Lewis 4b 

7 Wilson, F N, and Wishart, S W The Effects Produced by the Intiaienous Injec- 
tion of Qumidm and Other Drugs upon the Mechanism of the Heart Beat, Tr A Am Phy- 
sicians 41 55, 1926 

8 Scott, R W Observations of a Case of Ventricular Tachycardia with Retrograde 
Conduction, Heart 9 297, 1922 

9 Riseman, J E F , and Linenthal, H Paroxysmal Ventricular Taclwcardia, Am 
Heart J 22 219, 1941 

10 Hepburn J, and Rykert, H E The Use of Qumidme Sulfate Intm enouslv m 
\ entricular Tachycardia, Am Heart J 14 620, 1937 ' 
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HOSTOX 

The Aalue of quimdine in the tieatment of ceitain acute caicliac arihythmias h 
aa ell lecognized Theie aie numeious lefeiences m the hteiatuie about the use ot 
quimdine m ti eating chionic aunculai fibi illation In this condition, Iioaa ca ei , con- 
A^eision to noimal sinus rhythm is not uigent, and the dose of quimdine may be 
giadualh inci eased over a penod of days, if necessaiy, until the desued effect is 
obtained In the acute 01 paioxysmal ariliAthmias (aunculai tachycardia, aunculai 
fibrillation Aentncular tachjcaidia, etc ) the abnonnal late and rhythm may cause 
cardiac pain, intense palpitation, dyspnea, faintness, Aomiting, pulmonar) edema 
collapse and e\ en death Prompt treatment may be essential Proper management 
of such conditions lequnes accuiate knowledge of the speed and duration of action 
of the theiapeutic agents emplojed Little exact infonnation is ar'ailable, hoAA'eAei 
concerning the factois Avhich deteimine the optimum methods foi emplojing qumi- 
dine undei such conditions 

The puipose of this communication is to present measurements of the speed and 
duiation of action of cinchona deuvatives m subjects AAith normal cardiac rh} thm 
Different piepaiations of qumidme and quinine have been used , the dose was \aned, 
and the diugs Aveie administered by mouth and also by intramusculai injection 
The effects of qumidme and quinine on the heart Aveie studied by means of changes 
m the electiocardiogiam induced by these diugs 

REVIEAV or THE LITERATURE 

The speed of onset and the duiation of action of qumidme have been studied In 
detei mining the concenti ation in the blood stream, the concentration in the caidiac 
musculatuie, the rate of excretion in the unne, the changes in the heait late obsened 
m patients AAith various arihythmias and the changes pioduced in the electiocaidio- 
giam The lesults of these studies are confusing 

Laboiatoiy Studies — In the blood stieam of man 01 laboiatoiy animals ven 
little of the diug can be detected five to ten minutes aftei the oial 01 intiaAenous 
adnnnisti ation of a single dose of quimdine 1 01 quinine 2 In the myocaidial tissue 
of dogs the maximum concenti ation is reached Avithin one-half to one houi aftei 

Fiom the Medical Research Laboi atones of the Beth Israel Hospital and the Department 
of Medicine Harvard Medical School 

1 (n) YVeisman, S A Further Studies in the Use of Quimdine in the Treatment ot 

Cardiac Iriegularities, Minnesota Med 22 385, 1939 (b) Weiss, S, and Hatcher, R A 

Studies on Qumidin, J Pharmacol &. Exper Therap 30 335, 1927 

2 (a) Hatcher, R A, and Gold, H Studies on Quinin, J Pharmacol & Exper Theiap 

30 347, 1927 (5) Hatcher, R A, and Weiss, S Studies on Quinin, ibid 29 279, 1926 
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findings after the giving of theiapeutic doses to human beings have been a flattening, 
bi oademng and occasional notching of the T wave and an mciease in the duiation 
of the OT intei val (the duiation of electrical systole of the ventricle, measuied 
from the beginning of the ORS complex to the end of the T wave) 

Mahei . Sullivan and Schenbel 1Gc have utilized the qualitative changes in the 
contoui of the T wave to deteimme the speed and duiation of action of qumidme 
With mtiavenous admimstiation of 3 grains (0 2 Gm ) of qumidme sulfate m 20 cc 
of distilled water, these changes m the T wave were obseived within a few minutes 
and persisted for at least thiee hours After oral administration (qumidme sulfate, 

10 giams [0 65 Gm ] three times a day oi 15 giams [1 Gm ] four times a day, for 
five to nineteen days) the changes m the T wave were obseived to begin m twehe 
to se\ en tv-two hours and to disappear aftei sevei al da3 r s 

METHODS AND MATERIAL 

Sixteen hospitalized subjects with normal sinus ihythm were used in these studies One 
had angina pectoris, 2 had had paroxysmal arrhythmias, 2 had hypertension and 11 had no 
evidence of cardiac disease, 1 was known to have achlorhydria Eleven were men, and 5 
were women The ages varied from 17 to 68 years, 10 were over 45 Standard foui lead 
electrocardiograms showed no evidence of coronary artery disease 

All studies were carried out in a uniform manner A control four lead electrocardiogram 
■was obtained The medication was then administered and electrocardiograms were made 
even fiiteen minutes for the first hour and then at less frequent intervals for a total of 
eight to fifteen dours An additional tracing was taken twenty-foui hours aftei the 
administration of the drug The patients remained in bed except for lavatory privileges while 
the studies were carried out and were recumbent for at least five minutes before each tracing 
was obtained No attempt was made to control the diet Use of all drugs which might 
have some effect on the heart or electrocardiogram were omitted during the period of study 
except those being investigated At least forty-eight hours was allowed to elapse before 
these studies were repeated on any person 

The effect of the following medication was studied qumidme sulfate, single doses bj 
mouth of 3, 5, 9, 10 or 15 grains, quinine sulfate, 5 grains by mouth, injectable qumidme 
(qumidme nydrochloride with urea and antipynne), 5 giams intramuscularly, qumidme sulfate, 
repeated doses by mouth of 3 grains at intervals of one, two, four or eight hours or of 5 
grams every four hours for two doses, qumidme hydrochlonde with urea and antipynne, 
intramuscular injections every two hours for five doses 

A total of 68 tests were performed In 36 tests the three conventional leads and a 
precordial lead (IVR) were used (452 four lead tracings) In the remaining 32 tests lead 

11 only was used (742 one lead tracings) In determining the duration of the QT interval 
seven to ten consecutive complexes were estimated to 0 01 second and the average was 
obtained The variation in duration of consecutive QT intervals was 0 01 second When 
the tests uere repeated on different days the average of the duration of seven to ten con- 
secutive complexes differed by less than 0 01 second 

RESULTS 

In all 68 tests the effect of the cinchona derivatives was evidenced by a prolonga- 
tion of the QT interval In 61 tests the effect of medication was also evidenced by 
striking qualitative changes in the T wave These did not lend themselves to a 
quantitative estimation of the frequency, degree, duration or time of onset of the 
qumidme effect , furthermore, they appeared later and disappeared earlier than the 
change m the duration of QT These changes were observed m all four leads 
The qualitative changes m the T waves were most striking m lead IVR (chart 1), 
but the termination of the T wave m this lead and also in lead III was not sufficiently 

M Sc 187 23, 1934 (/) Aschenbrenner, R Ueber das Digitabs-Elektrocardiogram, Kim 

V chnschr 15 1039, 1936 ( g ) Landau, N Ueber die Verlangerung der Systole bei Tetame 

und ihre Beeinflussung durch verschiedene Pharmaca, ibid 17 93, 1938 (7i) Freedberg, A S 

Riseman, J E F , and Spiegl, I Objective Evidence of the Efficacy of Medicinal Therapy' 
in Angina Pectoris, Am Heart J 22 494, 1941 
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by administering a 10 to 12 per cent solution of quinidme sulfate in 5 per cent 
dextrose solution at a rate of 100 to 120 cc per hour The average dose was slightly 
less than 20 grains (13 Gm ) 

The conditions undei which such clinical studies were carried out do not lend 
themselves to accuiate oi piolonged study of the speed and duration of action of the 
drug used As a result there is no uniformity of opinion as to the optimum methods 
of then use 

Choice of Pi epaiation — Fiey 11 and latei Lewis, Drury, Wedd and Iliescu 4a 
found that quinidme was more effective than quinine m the treatment of auricular 
fibi illation Grant and Iliescu 12 found quinidme moie effective than cinchomdme, 
cinchonine oi quinine 

Wiechmann 0 concluded that the sulfate was more leadily absorbed than the 
alkaloid, for he found gi eatei urinarj exci etion following administration of the salt 
Lewis and his co-workeis 4a found no difference in the response to the sulfate, the 
bisulfate and the dihydrochloride of quinidme given orally and suggested that all are 
converted to the hydrochloride in the stomach 

The choice of prepaiation at present is limited Piactically all the drug is 
imported, the American phaimaceutic houses acting as distributing agents The 
alkaloid, the sulfate and the hjdiochlonde are available, the relatively insoluble 
sulfate being most generally used The more soluble dihydrochlonde and citrate, 
which might be more suitable for injection, are not available The formula foi 
the injectable quinidme hydrochloride with urea and antipyrme 13 used in the 
present study was suggested by the Cinchona Institute So far as is known, it has 
not been used previously, but it is similar to a preparation of quinine hydro- 
chloride with urea and antipyrme which has been used m treating certain infectious 
diseases 14 

Elect) ocai dwg) apluc Studies — Electrocai diogi aphic changes have been observed 
following the admmistiation of quinine 15 and quinidme 10 The most consistent 


11 Frey, W Ueber Vorhofflimmern beim Menschcn und seine Beseitigung (lurch 
Chmidm, Berl klin Wchnschr 55 450, 1918 

12 Grant, R T , and Iliescu, C C Comparison on the Action of Quinidme with Other 
Cinchona Alkaloids in Auricular Fibrillation, Heart 9 289, 1922 

13 Quinidme hydrochloride 15 Gm , urea 20 Gm , antipyrme 15 Gm and distilled water 
to make 100 cc 

14 (a) Zuelzer, G Zur Schlarlachfrage, Berl khn Wchnschr 56 1131, 1919 (b) Cahn- 

Bronner, C E Die Behandlung der Lungentzundung mit subkutanen Chinininjektionen, 
Ztschr f khn Med 87 292, 1919 ( c ) Sclnvarze Ueber lokale Behandlung des Keuch- 

hustens, Fortschr d Med 44 1014, 1926 

15 (a) Hecht, A F, and Matkow, J Intravenose Chinininjektionen bei Malanakranken, 

Wien khn Wchnschr 30 169, 1917 (b) Hecht, A F, and Rothberger, C J Experi- 

mentelle Beitrage zur Kenntnis der Chminwirkung bei Herzfhmmern, Ztschr f d ges Med 
7 134, 1919 (c) Singer, R , and Wmterberg, H Clunin als Herz- und Gefassmittel, 

Wien Arch f inn Med 3 329, 1922 ( d ) Miki, Y Experimented und khmsche Unter- 

suchungen uber die Dauer des K-Ekg (Kammer-Elektrokardiogramms), Ztschr f d ges 
exper Med 27 323, 1922 (c) Hughes, T A Effect of Intravenous Injections of Quinine 

on Electrocardiogram in Man, Indian J M Research 19 113, 1931 (/) Aschenbrenner, R 

Ueber die Beemflussung der Herzstromkurve und andere Nebenwirkungen bei dei Chinin- 
Therapie, Klin Wchnschr 16 1750, 1937 

16 (a) Schott, E Zur Frage der Chimdintherapie, Deutsches Arch f khn Med 134 

208, 1920 ( b ) Cohn, A E , and Levy, R L Experimental Studies on the Pharmacolop 

of Quinidme, Proc Soc Exper Biol & Med 8 283, 1920-1921 (O Korns, H M An 
Experimental and Clinical Study of Quinidme Sulfate I Experimental, Arch Int Med 
31 15 (Jan ) 1923 (rf) Pardee, H E B Clinical Aspects of the Electrocardiogram, New 
York, Paul B Hoeber, Inc , 1933 (e) Maher, C C , Sullivan, C P , and Schenbel, C P 

Effect upon Electrocardiogram of Patients with Regular Rhythm of Quinidme Sulfate, Am J 
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In geneial, as the dose was mci eased the degiee and duration of the effect weie 
also mci eased and the effect became evident more lapidly The vanation of response 
to single doses in the subjects studied is shown m table 1 After the administration 
of 10 01 15 giams, 4 of the 6 patients showed slight but definite prolongation of the 
■OT intei val within fifteen minutes, only 1 patient showed a similai lesponse to 




Fig 2 — Electrocardiographic response to a single 3 grain dose of qumidine sulfate given 
by mouth (average of results obtained in 11 patients) 



TIME AFTER ADMINISTRATION hours 

Fig 3 — The comparative effects of single doses of 3, 5, 10 and 15 grains of qumidine 
sulfate given by mouth (average of results obtained in 6 patients) 

5 grains, while no patient showed so rapid a lesponse to 3 grains The maximum 
effect was reached m one and one-half to three and three-fourths hours, irrespective 
of the amount of drug administered 

One of the 10 patients who received a single 5 gram dose of qumidine sulfate 
had pernicious anemia and complete achlorhydria The effect m this patient was 
similar to that observed m the lemaming 9 patients 
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definite to make accurate measm ements of the QT intervals possible The results 
m leads I and II weie essentially similar, foi simplicity, only the results of lead II 
aie presented 

In general, the degree of electrocardiographic 1 esponse to a single dose of one of 
the cinchona derivatives followed a charactenstic curve (chart 2) The effect 
became evident shortly after the administi ation of the drug and increased rapidly, 
leaching a maximum m one and one-half to thiee hours Thereafter, the degree of 
effect was maintained at a slightly lower level for approximate!} three to fi\e hours. 



Fig 1 — Typical prolongation of the QT internal and flattening of the T waves in ie 
electrocardiogram following the administration of quinidine (patient N J , IS grains o 
quinidine sulfate by mouth, lead IVR) 


after which it deci eased, at first rapidly and then moie slowly, and was no longei 
evident in twenty-four hours 

The Effect oj Single Doses — The Comparative Effects of Different Amounts 
of Quinidine Sulfate Given Orally in Single Doses These were studied m 14 
patients Eleven patients received 3 grains, 10 leceived 5 grains (0 3 Gm), 
3 leceived 9 giams (0 6 Gm ), 6 received 10 grams and 6 leceived 15 giams The 
comparative effects of these different doses is best shown by the lesults obtained 
m 6 patients, each of whom received 3, 5, 10 and 15 grains on diffeient da}s 
(chait 3) 
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The Compaiative Effects o£ Oral and Intramuscular Administration of Quim- 
dine Six of the patients who were given single 5 giam doses of qumidme sulfate 
by mouth subsequently leceived 5 giams of injectable qumidme (qumidme hydio- 
chloride with uiea and antipynne) by the intramuscular route (chart 4) All 
patients showed a definite lesponse within fifteen minutes, tiacmgs for 2 patients 
weie obtained five minutes aftei the injection and showed the characteristic effect 
In comparison, 4 of these 6 patients after a similai dose by mouth failed to show 
electi ocardiographic changes until one to one and one-half horns The maximum 
effect of the mti amusculat injection was obtained in one and one-half hours m all 



Fig 4 — The comparative effects of oral and mtramusculai administration of qumidme 
(a\erage of results obtained in 6 patients) 



Fig 5 — The comparative effects of qumidme sulfate and quinine sulfate (average of 
results obtained in 6 patients) 

6 patients, whereas when the di ug was given orally 5 failed to show the maximum 
effect until two to two and one-half hours In 4 patients the maximum effect 
following intramuscular injection was significantly greater than that following 
oral administration The duration of the effect was approximately the same when 
the drug was given by the two different routes 

Comparison of Qumidme Sulfate and Quinine Sulfate The same 6 patients 
were given 5 gram doses of quinine sulfate by mouth (chait 5) Although similar 
electrocardiographic changes were observed in response to quinine sulfate, the 
magnitude and duration of these changes were much less than those following 
administration of qumidme sulfate 
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Fig 0 — Melnoa oi calculating response to repeated doses Cune A .naicatcs response 
to a single 3 grain dose of quinicme sulfate given D, mouth (a’Crage of results oota ned m 
11 patents) Cune A', similar results which v ould ha.e been obtanco if a previous dose 
had not been given Cur.e A A', predicted effect of repeated doses obtained b. the add’ticr 
<j curves A and A’ 

^ TIME OF ADWIMIS7PA7IC’< 

*— • OBSERVED RESPONSE 
o — o PPEDICTED PESPO’ISE 






TIME AFTEP ADMINISTRATIO’J, HOUPS 

Fig 7 — Comparison of the observed and the predicted response to repeated oral coses 
of qumidmc sulfate A, 3 grains at hourh intervals for three coses' B, 3 grains at t’o 
hour internals for three doses C, 3 grains at four hour internals for toree ooses D, 5 grams 
at four hour intervals for t.’o doses The observed resporse is an average of results obtained 
m 3 patients, the predicted response is based on an a erage of results obtained in 11 patients 
(A B and C ) and 9 patients (D) 
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The Effect of Repeated Doses — The Effect of Repeated Doses of Ouinidine 
Sulfate Gnen Orally This was studied in 9 patients (table 2) The eftect ot 
medication admmisteied lepeatedly in this mannei was compaied with the i espouse 
to single doses of 3 oi 5 grains and also with the i espouse to single doses equal in 
magnitude to the total amount given, namely, 9, 10 and 15 giains 

Companson of the Effects of Single and Repeated Tlnee and Fne Gram Doses 
In general, the effect of lepeated doses could be predicted from the lesponse to a 
single dose The effect of lepeated doses at any time was appioximatel} the sum 
of the effects of the individual doses admmisteied up to that moment as known fiom 
previous cunes of the responses to single doses The method of predicting the 
combined effects from the individual cuives is shown m chart 6 

When medication was administered at hourl) intervals, the patient recened 
successive doses before the maximum effect of the piecedmg dose had been obtained 
As a result the effect increased progressive!}, reaching a maximum two to four 
hours after the first dose (chart 7 A) The effect did not disappear entirel} twehe 
houis after the first dose was given (ten hours aftei the thud dose) 

When medication was admmisteied at two houi internals, the patients recened 
successne doses shoitl} after the maximum effect of the preceding dose had been 


Table 2 — Dosage Used foi Study of Effect of Repeated Oral Administration of 

Qunndiuc Sulfate 


Size of Dose, 

Hours Between 

Number of 

Number of Patients 

Grains 

Administration 

Do c cs 

Studied 

3 

1 

f> 

u 

3 

3 

1 

5 

2 

3 

O 

3 

3 

3 

o 

5 

O 

3 

4 

3 

3 

3 

8 

4 

O 

*• 

5 

4 

n 

3 


reached As a result it was usually possible to observe the maximum effect of each 
dose before the succeeding dose was administered (chart 8) When medication 
was administered at two hour intervals instead of at hour!} intei vals, the maximum 
prolongation of the OT interval began latei and persisted longer but was approxi- 
mate!} of the same magnitude (chart 7 A and B ) 

When medication was administered at four hour mteivals, the effect of the 
preceding dose had decreased sufficiently so that the response to each mdiudual 
dose was even more apparent than when the drug was given at two hour intervals 
( chart 7 B, C and D and chart 8) Here again the maximum prolongation of the 
QT interval was of approximately the same magnitude as when the same dose was 
given at more frequent intervals 

When medication was administered at eight hour intervals, the effect of the 
preceding dose had practically disappeared As a result the response to the fourth 
dose administered was essentiall} the same as the response to the first dose in speed 
of onset, magnitude and duration (chart 9) 

When medication was repeated five times (at either one or two hour intervals), 
the effects of the fourth and fifth doses were somewhat less than the effects of the 
individual first three doses 

Comparison of the Effect of Nine, Ten and Fifteen Grains of Quinidine Sulfate 
Given m Single and Divided Doses When 9 or 10 grains was given m divided 
doses (3 or 5 grains gnen at one, two oi four hour mteuals for two oi tlnee 
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of the OT interval followed the admmistiation of the chug by the inti amusculai 
loute Regai dless of the loute of admmistiation, when the diug was given at two 
hour mteivals, it w r as usually possible to obseive the maximum eflect of the pie- 
cedmg dose 

COMMENT 

It is evident fiom the hteiatuie that the magnitude of 1 espouse to qumichne 
vanes with the amount admimsteied and that if lepeated doses are given at 
appiopnate intervals evidence of cumulative action becomes appaient The 
concenti ation of cinchona denvatives in the blood, myocaidium or mine after 
admmistiation of the drug is of consideiable intei est, but these studies gne little 
dnect information concerning the degiee and time of the theiapeutic action in man 
Moie direct information of the clinical lesponse is obtained fiom studies of 
the effect in vanous airhythmias As a result of such information man) difteient 
methods of admimsteimg qumidme have been pioposed The drug has been 
pi escribed in increasing 01 identical doses at penods varying from once an hour 
to once eveiy five or six hours 17 These methods have proved of value m ti eating 
chi om c auncular fibi illation and in the piophylactic tieatment of paioxysmal 
anhythmias They are obviously unsuited foi the treatment of acute episodes for 
which rapid control of the lhythm may be necessary and foi which it is advisable 
to evaluate the effect of pieviously administered medication before additional doses 
aie given with the least possible delay 

Although the electrocauliographic changes following administration of qumidme 
have been pieviously lecogmzed, few 7 attempts have been made to utilize this 
knowledge for studying the effect of cinchona derivatives on the human heait 
The lesults obtained m the present study shou r that although qualitative changes 
m the T wave as described by Mahei, Sullivan and Schenbel 10e may be stiikmg, 
they vaiy m different patients and m the same patient at diffeient times and may 
be absent oi not sufficiently definite to make accuiate measuiement possible 

The prolongation of the QT mteival following the admimsti ation of cinchona 
diugs in oui experience is a constant factoi which varies but little in different 
patients This change is measurable and mci eases as the amount of diug is 
increased It is probably closely i elated to the mechanism responsible for the con- 
version of abnormal to normal lhythm, for the QT interval (duration of electucal 
systole) is related to the refractoiy period of the ventnculai muscle In the tieat- 
ment of ventnculai tachycardia, foi example, the qumidme effect is evidenced by 
a prolongation of the dui ation of each ventricular complex 9 

The results of the present studies are in accoid with the obsei vations of the 
effect of qumidme made in the clinical tieatment of anhythmias The piesent 
studies are more complete, howevei, foi the lesponse u'as observed toi longer 
periods and under conditions which lent themselves to more careful quantitative 
measuiement That the lesults obsei ved m normal subjects aie applicable to 
patients with abnoimal cardiac lhythms has been shown by clinical expenence 
The piesent studies show that the maximum effect of any single dose of 
qumidme oi one of its derivatives is usually attained m one and one-half to two 

17 (a) Weisman, S A The Ambulatory Tieatment of Auncular Fibnilation with 

Qumidme A Five-Year Follow-Up Study, Minnesota Med 19 349, 1936 ( b ) Kerr, W J 

Use of Qumidme in Cardiac Irregularities, in Stroud, W D The Diagnosis and Treat- 
ment of Cardiovascular Disease, Philadelphia, F A Davis Company, 1940, p 1195 ( c ) 

Weiss, S The Treatment of Vertigo and Syncope, JAMA 118 529 (Feb 14) 194? 
(d) Weisman (footnotes 1 a and 3) Lewis, Drury, Wedd and Iliescu ^ 

18 Sturnick, M , Riseman, J E F , and Sagall, E L Studies on the Action of Qumidme 
m Man II Intramuscular Administration of a Soluble Preparation of Qumidme in the 
Treatment of Acute Cardiac Arrhythmias, JAMA 121 921 (March 20) 1943 
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doses), the maximum piolongation of the QT intei val was essentially the same 
as when the total amount was given as one single dose When 15 grains was 
given m divided doses, the maximum effect was slightly less than that follow ing the 
single dose In each case, howevei, the response to the single dose appealed mor£ 
lapidly and w ? as less piolonged 



Fig 8 — Comparison of the effects of repeated doses of oral and intramuscular piepa- 
rations of quinidine, 3 grains gnen at two hour intervals for fhc doses (aierage of remits 
obtained in 2 patients) 



Fig 9 — The effect of 3 grams of quinidine sulfate administered b\ mouth at eight houi 
intervals The electrocardiographic response to the first dose is compared to that of the 
fouith dose, -which was given twentv-four hours latei (average of results in 2 patients) 

Companson of the Effect of Repeated Doses of Oial and Intiamuscular Piepa- 
tations of Qumidme Two patients received five 3 gram doses of each preparation 
given at two hour intervals The response to each mtramusculai injection appeared 
within fifteen minutes, wdiereas the response to each oial administration did not 
appear for one-half to thi ee-foui ths hour In most instances gi eater prolongation 
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the best of our knowledge the preparation used m this study for intramuscular 
injection has not been used heretofore m the treatment of cardiac arrhythmias 
Tins preparation is not yet available commercially, but it can be prepared easily 
from drugs available now Medication in such form can be carried m the 
physician’s bag for emergency use and makes it possible to administer adequate 
quimdme dosage m small valumes Administration by the intramuscular route is 
safe and not painful Its use m the treatment of acute arrhythmias is being reported 
m a separate communication 1S 

SUMMARY AND CONCLUSIONS 

After the administration of a cinchona denvatne to a human being the electio- 
cardiogram uniformly show s an increase m the time from the beginning of the Q to 
the end of the T wave In the present study this index of the effect on the human 
heart was used to measure the speed and duration of action of quimdme and 
quinine administered to human beings either orally or by intramuscular injection 
The effect became eudent shortly after the administration of a single dose by 
mouth reached a maximum in one and one-half to three hours, was then main- 
tained at a slightly lower degree for three to five hours, after which it decreased 
at first rapidly then more slowly, and was no longer evident in twenty-four hours 
Ouinme was much less effectne than qumidine 

Larger doses of quimdme sulfate did not change the time of the maximum 
lesponse, although the effect became evident sooner and was more prolonged 

The response to intramuscular administration of injectable qumidine 12 (a 
solution of qumidine hydrochloride with urea and antipyrme) was much more 
prompt (within fifteen minutes) and the magnitude of effect was slightly greater, 
but the duration of effect was approximately the same as when an eqimalent dose 
was given by mouth 

When doses are gi\ en repeatedly either orally or intramuscularly , the response 
at any moment is essentially the sum of the separate effects of the individual doses 
acting at that moment 

These results indicate that in the treatment of acute arrhythmias the adminis- 
tration of quimdme should be repeated at intervals of two to two and one-half 
hours This permits observation of the maximum effect of the preceding dose 
before continuation of therapy with minimum loss of time 

If more rapid control of the rate is required, administration of the drug may be 
lepeated at intervals of one hour until the desired degree of slowing is attained 
after w Inch therapy can be continued at intervals of two to two and one-half hours 
In the treatment of acute arrhythmias, intramuscular administration should 
piovide more constant and earlier response and eliminate the uncertainties and 
irregular absorption of oral medication Intravenous administration is unnecessary 
and unw lse 

Mr Harr} Brass, Ph G , assisted us in preparing the injectable qumidine 

Beth Israel Hospital 
Beth Israel Hospital 
45 Ba} State Road 
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and one-half hours aftei administration Obviously, theiefoie, if the desucd effect 
is not obtained within tzvo hows additional qmmdine will usually be nccessaiy and 
delay in admimstei ing such medication is inadvisable 

Moie rapid and more striking effects can be obtained by administering the 
drug at more frequent intervals, foi example, every hour Undei such conditions 
the maximum effect of preceding doses will not have been obtained, and it is 
possible that toxic effects of quimdine may occur several hours aftei the drug is 
withdrawn This method, however, is of value if the danger from continuation of 
the abnormal rhythm is greatei than the danger fiom overqumidmization 

It is piobable that the toxic effects of quinidme hare been overemphasised in 
the past The untow ard reactions may be grouped under four headings 

1 Hypersensitivity This includes collapse with cardiorespiratory failuic etc 
Such symptoms aie likely to occur soon after the dose is admimstei ed and even 
aftei small doses In the absence of a clearcut history of hypersensitivit) to 
cinchona derivatives it is unlikely that such unfortunate complications can be 
avoided In our experience with patients with angina pectoris 30 cutaneous mani- 
festations of an allergic natuie aie likely to occur if qumidme has been administered 
previously, untcnvaid reactions to quinidme, however, are uncommon The mfie- 
quency of more serious reactions may possibly be related to the fact that quinine 
is less geneially used as a theiapeutic agent at present The rarity of such reactions 
makes the danger of qumidme hypei sensitn lty much less than the dangei ot 
continuation of an acute arrhythmia in most instances 

2 Reactions following conversion to noimal rhythm These include embolic 
phenomena following resumption of normal auricular contractions in auriculai 
fibullation with dislodgment of mural thrombi Sudden collapse with vomiting 
and marked fall in blood pressure following conversion to normal rhythm, even 
in the absence of embolic phenomena, is seen occasionally Here again the reaction 
is not necessanly related to the size of the dose, and the possible dangei from such 
effects must be weighed against the dangers of continuation of the abnormal rhjthm 

3 Reactions following overdosage These include vomiting, epigastric distress, 
dial rhea, fever and tinmtis In most instances they can be avoided by giving no 
more quinidme than necessary to control the rate and rhythm 

4 Precipitation of ventriculai tachycardia or fibrillation Seven instances have 
been reported in the literature 20 Five occurred during the treatment of auriculai 
fibrillation, and the reaction w r as probably due to a slowing of the auricular rate 
wuthout adequate auriculoventricular block In the remaining 2 cases 20d there 
weie fiequent attacks of ventricular fibrillation which occurred spontaneously oi 
could be precipitated by several drugs, including quinidme given tntrat enously 

The advantages of intramuscular administration foi the treatment of acute 
arrhythmias are obvious The response to parenteral injection is piompt and 
quantitative Furthermore, absorption is assuied w'hen the diug is administered 
by injection, while when given by mouth it may be vomited oi may remain in the 
stomach mixed with undigested food and not be available to cardiac tissues To 

19 (a) Riseman, J E F, and Brown, M G Medicinal Treatment of Angina Pectoris 
Arch Int Med 60 100 (July) 1937 (fc) Freedberg, Riseman and Spiegl 1011 

20 (a) Levy, R L The Clinical Toxicology of Qumidin, J A M A 78 1919 (Sept 30) 

1922 (b) Kerr, W J , and Bender, W L Paroxysmal Ventricular Fibrillation with 

Cardiac Recovery in a Case of Auricular Fibrillation and Complete Heart Block While 
Under Qumidme Sulfate Therapy, Heart 9 269, 1922 (c) Davis, D , and Sprague, H B 

Ventricular Fibrillation Its Relation to Heart Block, Am Heart J 4 559, 1929 (d) 

Schwartz, S P , and Jezer, A The Action of Quinine and Quimdine on Patients with 
Transient Ventricular Fibrillation, ibid 9 792, 1934 
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m that the time required to see a light of fixed intensity is recorded rather than the specific 
intensities recognized at different time intervals during the dark adaptation period At weekh 
and occasionally at biweekly intervals the vitamin A and carotene content of the fasting blood 
(taken bj venipuncture) was determined according to the method of May,-' 2 cc of serum 
being used rather than 1 cc The blood \ alues w ere expressed in L«o units of carotene and 
Lom units of vitamin A per hundred cubic centimeters of serum corrected for the blue coloi 
due to carotene These values were comerted into micrograms of carotene and U S P 
units of vitamin A respectively b\ use of the factors determined by Yarbrough and Dann G 
Blood for total white blood cell counts and differential counts was taken from the ear each 
w eek The counts were made on 200 cells 7 

The material for microscopic study of the skm s was furnished by medium punch biopsy 
specimens taken from the lateral external portion of the thigh at four and seven month intervals 
of depletion Since any thickening of the skin which might occur would decrease the visibility of 
the capillaries, they were examined with a capillary microscope applied to the cuticle area 
of the finger tw r o or three times during the experimental period During the last w r eek 
of the experiment the eyes of each subject were examined with a slit lamp 9 and the findings 
recorded accoiding to the system used by Kruse 10 On the day preceding the termination or 
the experiment each subject was allowed a measured volume of 95 per cent alcohol (minimum 
50 cc), which was taken with carbonated waters The effect of the alcohol on the level 
of vitamin A in the blood was studied four and tw'elve hours respectively after the intake 

RESULTS 

I Daik Adaptation — (a) Biophotometer A comparison of the 20 to 30 
second dial readings following bleaching of the 6 subjects with similar readings 
leported by Jeans 11 places 5 of the subjects m the borderline zone (19 to 24) and 
one in. the subnormal zone (below 18) The deficiency diet had little effect on 
these readings Although there were slight fluctuations in both directions, i e 
from borderline to normal and subnormal, the subjects maintained their relative 
gioupmgs (fig 1) 

(&) Adaptometei The cone and rod thiesholds for all subjects fell wuthin the 
noimal range lepoited by Hecht 1 - (cone threshold 5 3 to 6 0 log units, rod 
threshold 2 7 to 3 0 log units) Throughout the entire period these thresholds 
lemamed constant foi each subject, fluctuating only within the daily variation of 
0 3 to 0 4 of a log unit for rod and cone thresholds respectively In figure 2 are 
presented the cone and rod thiesholds for every test on subject F W The data 
for the other subjects show similar figures 

(c) Regenometer The tune necessary to see the five consecutive flashes of 
the first and second dot foi the subjects w^as well wuthin the normal time limit 
given by Blanchard, 13 namely, one and tlnee minutes lespectively 

5 May, C D , Blackfan, K D , McCiearv, J F, and Allen, F H Clinical Studies 
of Vitamin A m Infants and Children, Am J Dis Child 59 1167-1184 (June) 1940 

6 Yaibrough, M E, and Dann, W J Dark Adaptometer and Blood Vitamin A 
Measurements in a North Carolina Nutrition Survey, J Nutrition 22 597-607 (Dec ) 1941 

7 Helen Parkes Hunt took all the blood samples and did the blood counts 

8 Dr S W Becker examined the biopsy specimens which were taken in the Derma- 
tology Clime 

9 Dr A C Krause of the Ophthalmology Department examined the eves 

10 Kruse, H D The Ocular Manifestations of Avitaminosis A, with Especial Con- 
sideration of the Detection of Early Changes by Biomicroscopy, Pub Health Ren 56 1301- 
1324 (June 27) 1941 

II Jeans, P C , Blanchard, M S, and Zentmire, Z Dark Adaptation and Vitamin A 
JAMA 108 451-458 (Feb 6) 1937 

12 Hecht, S, and Mandelbaum, J Relation Between Vitamin A and Dark Adaotatmn 

J A M A 112 1910-1916 (May 13) 1939 Ptation, 

13 Blanchard, E L, and Harper, H A Measurement of Vitamin A Status of Youno- 

Adults by Dark Adaptation Technic, Arch Int Med 66 661-669 (Sept ) 1940 b 
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The lack of agieement as to what constitutes subchmcal vitamin A deficiency 
and the uncertainty existing as to the order of the occui rence of the supposed earh 
signs m relation to one another piompted the undertaking of this stud} The 
various suggested symptoms of early avitaminosis A include defective daik 
adaptation, macioscopic and micioscopic changes in the skin and conjunctnas 
changes m the total and differential white blood counts and decreased vitamin A 
content of the blood Each of these factois has been imestigated individual!) , 
there have been studies in which only two 01 tluee of the aforementioned signs 
have been followed in any one subject, the most usual method being to obseive 
dark adaptation and one othei sign It was believed, therefore, that caieful 

observations foi all of the suggested subchmcal signs of piogressive vitamin A 

deficiency in the same subjects on a vitamin A-low diet would at least clarifv the 
01 dei of their appearance 

In conjunction with this investigation a study on animals 1 m which the hepatic 
stoies ot vitamin V of lats on a vitamin A-fiee diet were con elated with some of 
these same signs was also undei taken with the hope that it might furnish data to 
help mteipret the findings in human subjects 

EXPERIMENTAL METHODS 

Six university students, 4 women and 2 men, ranging m age from 20 to 24 vcais, were placed 
on a vitamin A-lo\v diet - for thirty-one and twcntj weeks respectivel> The diet contained 
from 67 to 100 U S P units of vitamin A per dav The foods furnishing am vitamin A 

or source thereof were weighed and consumed in equal amounts bv all, with the exception of 

meat, of which the men received one and one-half times as much as the women All other 
foods were allowed as desired The flour used for cooking and halving was enriched No 
concentrates were added to the diet, since it furnished adequate amounts of the other dietarv 
constituents for a sedentary adult, according to the standards set up by the National Research 
Council One of the women (subject SB) acted as the control and received 10,000 U S P 
units of v itamin A daily m the form of halibut liver oil capsules 3 m addition to the vitamin 
A-low diet 

The method employed for detecting the effects of vitamin A deficiency included measure- 
ments of dark adaptation and visual fields, of the vitamin A and carotene content of the 
blood and of histologic changes in the skin and conjunctivas Total white blood cell counts 
and differential counts were also included Most of these analyses were made prior to 
the experimental regimen, so that the normal base line for each subject could be determined 
Dark adaptation was measured on three instruments Two tests a week were given each subject, 
both on the biophotometer and on the Hecht adaptometer, during the last two or three weeks 
the subjects were tested on the regenometer, 4 which differs from the preceding two instruments 


From the Department of Home Economics, the University of Chicago 

1 Brenner, S , Brookes, M C H, and Robeits, L J The Relation of Liver Stores 
to the Occurrence of Early Signs of Vitamin A Deficiency in the White Rat, J Nutrition 23 
459-471 (May) 1942 

2 The skimmed milk was supplied bj the Borden-Wieland Co , Chicago 

3 The halibut liver oil capsules were furnished by Abbott Laboratories, North Chicago, 111 

4 The regenometer was sent by Dr Blanchard of the Golden State Co , Ltd , San 
Francisco 
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(d) Visual field The visual field did not seem to be impaiied in any way as 
measuied by perimetry 

2 Blood Caiotcne and Vitamin A — The vitamin A and carotene content of 
the blood of all 6 subjects (table 1) pnoi to the expenmental diet compaied 
favoidbl) with that lepoited by otheis using the same method 14 The carotene 
content of the blood at the outset (139 to 210 microgiams) vaiied with the dietary 
habits of the subjects This did not hold foi vitamin A (87 to 150 U S P units) 
With the deficiency diet the blood carotene showed a steep and immediate diop in 
the first weeks, and then the rate of loss began to decrease until a plateau was 
leached Even at the end of the expenment the blood was not completely free 
of caiotene (30 to 44 miciogiams), but this is not to be expected since the vitamin 
A— low diet did contain small amounts of it The vitamin A content of the blood, 
on the othei hand, with the exception of small fluctuations, remained at the original 
level foi the duiation of the depletion period Subject S B , who had the lowest 
level, continued to have a low level, of appi oximately 87 U S P units, m spite 
of the daily consumption of 10,000 units of the vitamin, while the othei subjects 
on their deci eased intake maintained higher levels (107 to 150 U S P units) 

Table 1 — Caiotcne and Vitamin A Content per Hundied Cubic Centunetci s of 

Semin Bcfoie and Aftei Depletion 


Before Depletion After Depletion 

A ' — A 


Subject 

Sev 

Weight 

Pounds 

Carotene, 

Micrograms 

Vitamin A, 

U S P Units 

r ~ — 

Carotene, 

Micrograms 

1 

Vitamin A, 

U S P Units 

S B 

Female 

115 

2G2 

87 

38 

S9 

B G 

Female 

141 

218 

112 

37 

123 

E S 

Female 

140 

17S 

107 

41 

115 

E W 

Female 

110 

202 

126 

42 

112 

A A 

Male 

201 

139 

150 

30 

132 

H O 

Male 

153 

310 

119 

44 

129 


than that of the conti ol subject At times several of the expenmental subjects 
showed unusual uses in the vitamin A content of the blood 

The level of vitamin A m the blood was extremely sensitive to colds and 
mci eased body temperatui e 15 During the fourth week of the expenment all the 
subjects, including the control, caught colds and had slight elevations m tempei- 
atuie The level of the vitamin in the blood reflected this condition by dropping 
to about one half of the initial value When the fever disappeaied the vitamin A 
content of the blood resumed its normal level (fig 3) 

Effect of Alcohol on Vitamin A Level of Blood Table 2 and figuie 3 contain a 
summaiy of the effects of alcohol on the level of vitamin A in the blood of the women 
aftei thirty-one weeks and of the men after twenty weeks of deficiency Although 50 
cc of alcohol was not a sufficient amount to cause any appaient rises m the vitamin 
A content of the blood of the experimental subjects, 75 to 100 cc caused a 
noticeable rise four hours after consumption After twelve horns the vitamin A 

14 (a) Kimble, S M The Photelectric Determination of Vitamin A and Carotene 
in Human Plasma, J Lab & Clin Med 24 1055-1065 (July) 1 939 (b) May 5 (c) Murrill, 
W A , Horton, P B , Lieberman, E, and Newburgh, L H Vitamin A and Carotene 
Metabolism in Diabetic and Normals, J Clm Investigation 20 395-400 (July) 1941 (d) Yar- 
brough and Dann G 

15 Clausen, S W, and McCoord, A B The Carotenoids and Vitamin A of the 
Blood, J Pediat 13 635-650 (Nov) 1938 Thiele, W, and Scherff, I Blood Vitamin A 
Picture in Fever, Klin Wchnschr 18 1275-1277 (Sept 23) 1939 
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Fig 1 
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Fig 2- 
mtensities 
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Individual biophotometer readings for first test after bleaching during deficient 



-Cone and rod threshold for each test for subject F W Log units refei to 
in micromicrolamberts 
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blood pictuie m 1 elation to vitamin A, especially since these findings have not been 
confiimed in then entnety by otheis 18 

4 Skin — The biopsies made at four and seven month mteivals of deficiency 
leveaied no measuiable diffeiences m the subcutaneous structure of the ban 
follicles and sweat and sebaceous glands fiom that found pnoi to the expeiunental 
diet The visibility of the capillanes remained as good as at the stait, demon- 
stiatmg that theie' was no keiatunzation of the epithelial tissue at the legions 
studied The detailed findings of this portion of the studv will be lepoited m 
anothei papei 


Table 2 — Effect of Alcohol on the Basal Level of Vitamin A in the Blood 



Alcohol, 

Ce 

A ltnmin A, U S P Units per 100 Cc Seium 
After Consumption of Alcohol 

Subject 

Basal 4 Hours 

12 Hours 

Control 

50 

130 

157 

13G 


75* 

142 

151 

103 

E S 

50 

110 

107 

118 

F W 

50 

112 

125 

127 

B G 

100 

123 

149 

125 

A A 

100 

132 

181 

149 

H 0 

150* 

129 

155 

125 

* 1 he patient vomited ono to one 

md a half hours after 

alcohol iv as taken 




T \BLL 

3 — Aveiagc Total 

II hjt 

i Blood Cell and Difjct ential 
Pcnods of Depletion 

Counts foi 

T cn 

rr eel 


Depletion Time, 
Ten Week 

Total 

White 

Poly 

morpho 

Small Large 

Ljmpho Ljmpho 

Mono 

Eosmo 

Baso 

Subject 

Intervals 

Cells 

nuclears 

cytes cytes 

cytes 

phils 

plnls 

S B 

1st 

6,033 

ill 

64 4 

18 

3 

1 


2d' 

5,978 

115 

GO 5 

15 

o 

1 


3d 

5,670 

117 

53 8 

19 

2 

1 

B G 

1st 

10,260 

102 

78 4 

11 

5 

0 


2d 

10,390 

96 

85 4 

9 

7 

0 


3d 

10,310 

105 

71 8 

10 

7 

1 

E S 

1st 

9,360 

110 

71 5 

12 

o 

0 


2d 

7,760 

103 

75 4 

9 

3 

0 


3d 

7,217 

105 

74 7 

11 

4 

1 

F W 

1st 

8,620 

112 

70 4 

12 

2 

0 


2d 

8,430 

106 

78 4 

9 

o 

0 


3d 

8,300 

114 

65 S 

9 

o 

1 

1 4 

1st 

9,100 

98 

SG 5 

9 

2 

1 


2d 

8 022 

97 

87 6 

S 

2 

1 

H O 

1st 

S 800 

121 

63 3 

11 

2 

1 


2d 

7,745 

103 

79 5 

11 

2 

1 


5 Examination of Eyes — At the last week of deficiency theie weie no gioss 
ocular signs Mild photophobia was piesent m subjects E S and F W Exami- 
nation by slit lamp leveaied a subconjunctival tissue slightly less translucent than 
normal m subjects E S and H O and a slight engoigement of the postenoi 
conjunctival vessels m subjects B G and F W The significance of these findings 
lemams obscure, for sunilai examinations weie not made pnoi to the expeiunental 
penod Since Bitot spots, conjunctival foam and changes m vascularity and tians- 
lucenry of the conjunctiva and cornea may occui in persons without vitamin A 

18 Wagnei , K Eaily Symptoms of Vitamin \ Deficiency in Alan, Klin Wchnschi 
18 567-568 (June 9) 1940 
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m the blood letuined to its piealcohohc level in most instances This would 
indicate that vitamin A was piesent in the bodies of the subjects aftei the depletion 
penod and was capable of being mobilized by the alcohol, as was first demolish ated 
b) Clausen and McCooi d 10 

3 Blood Pichne — Accoulmg to the lepoits of Abbott and associate^ 1 ’ the 
blood pictuie should be a valuable aid m the diagnosis of vitamin A deficiency 
because of the marked changes they obtained in lats and human beings on a vitamin 
A-lovv diet, namely, a decreased number of total wdiite blood cells and polvmoipho- 
nuclears oi heterophils and an mci eased numbei of lymphocytes with the laigc 
lymphocytes piedommatmg ovet the small In addition, these authois found mam 
juvenile and stab forms and degeneiate cells 

None of the subjects m this study showed this type of pictuie (table 3) Seveial 
times some of the subjects did have a maiked lymphocytosis (especially subject 



Fig 3 — Vitamin A and carotene content of indnidual blood samples L^'X) units arc cor- 
rected foi blue color due to carotenoids Subject S h was not the control for the alcohol stud\ 

A A ), but always the small lymphocytes piedominated ovei the latge and wete 
m the mam tesponsible for this condition The polymoiphonuclears weie deci eased 
at these times Increased total white blood cell counts weie not an accompa- 
niment in eveiy r case, and at no time weie theie excess juvenile oi degeneiate cells 
No infectious states weie piesent to account foi the increased numbei of lympho- 
cytes Fuither woik is necessaiy to asceitain the significance of the change in 

16 Clausen, S W , Breese, B B , Baum, W S , McCoord, A B, and R\deen 
I O Mobilization of Vitamin A from Its Stores in Tissues bj Ethyl Alcohol Science 
91 318-319 (March 29) 1940, Effect of Alcohol on the Vitamin A Content of Blood m 
Human Subjects, ibid 93 21-22 (Jan 3) 1941 

17 Abbott, O D , and Ahmann, C F Effect of Avitaminosis A on the Blood Picture 
of Albino Rats, Am J Physiol 122 587-595 (June) 1938 Abbott O D , Ahmann, C F 
and Overstreet, M R Effect of Avitaminosis A on the Human Blood Picture, ibid 126 
254-260 (June) 1939 
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uas not ample It is interesting- to note that a theoretic calculation based on the 
aveiage vitamin A content of human livei 24 and the assumption that the rate of 
use is appi oximately 2,000 U S P units per day shows that it would take from 
one to two years for the liver to lose its entiie vitamin A stores if no vitamin A 
weie present m the diet 

The second explanation offeted for the negative findings of this study is that 
these signs are neither sensitive nor specific for subclmical vitamin A deficiency 
The contradictory evidence concerning their diagnostic value supports such a 
contention 

In lespect to daik adaptation it has been shown that there is an inconsistency 
in the response of normal subjects to vitamin A-low diets in the various 
laboratories as well as in the response of deficient subjects to massive doses of 
vitamin A 25 The specificity of night blindness as an indication of vitamin A 
deficiency has also been challenged by the curative effect of vitamin C and nboflavin 
in some cases 20 There are indications, too, that several of the other symptoms 
may be more sensitive than dark adaptation as indicators of subclmical vitamin A 
deficiency 2r This is quite conceivable, since animal experimentation reveals that 
the vitamin A content of the retina persists even in the absence of hepatic stoi es 28 

Two additional alleged subclmical signs which have received a reasonable 
shaie of attention are the decreased vitamin A content of the blood and changes 
in the structuie of the skin The former has obtained support from the woik of 
May, 5 Lewis, Bodansky and Haig 27c and Yaibrough and Dann 0 These lmesti- 
gatois found the blood level the most sensitive indicator of vitamin A deficiency 
On the other hand, Josephs 22 and Nylund 23,1 with human beings and Bienner, 
Brookes and Roberts 1 with rats found that there is a wide range in the blood level 
of normal subjects and that only in prolonged and seveie deficiency is the blood 
level valuable diagnostically Changes in the skin, such as keratmization and 
lesul ting horny papules known as toadskm, have been leported by Lehman 29 m 

698-721 (Sept) 1940 (c) Steffens, L F , Bair, H L, and Sheard, C Photometric Measure- 
ments on Visual Adaptation in Normal Adults on Diets Deficient in Vitamin A, Proc Staff 
Meet, Mayo Clin 14 698-704 (Nov) 1940 (d) Nylund, C E, and With, T K Demon- 
stration of Vitamin A Deficiency in Man, Acta med Scandinav 106 202-228, 1941 (e) Mur- 

rill, Horton, Lieberman and Newburgh 14c 

24 Abels, J C , Gorham, A T , Pack, G T , and Rhoads, C P Metabolic Studies in 
Patients with Gastrointestinal Cancer III The Hepatic Concentration of Vitamin A, Proc 
Soc Exper Biol & Med 48 488-492 (Nov ) 1941 

25 (a) Booher, L E , Callison, E E, and Hewston, E M An Experimental Determina- 

tion of the Minimum Vitamin A Requirement of Normal Adults, J Nutrition 17 317-331 
(April) 1939 (b) Wald, G, and Stevens, P An Experiment in Human Vitamin A Defici- 
ency, Proc Nat Acad Sc 25 344-349 (Aug ) 1939 (c) Steimnger, and Roberts 23 a (d) 

Isaacs, Jung and Ivy 23b (<?) Iiecht, S , and Mandelbaum, J Dark Adaptation and Experi- 
mental Human Vitamin A Deficiency, Am J Physiol 130 651-664 (Oct ) 1940 (/) Stef- 
fens, Bair and Sheard 23 c ( g ) Jeans, P C , Blanchard, E L , and Satterthwaite, f’ E . 

Dark Adaptation and Vitamin A Further Studies with the Biophotometer T Pediat 18 
170-194 (Feb) 1941 

26 Stewart, C P Nutritional Factors m Dark Adaptation, Edinburgh M T 48 ?17- 
237 (April) 1941 

27 («) May, Blackfan, McCreary and Allen 5 ( b ) Steffens, Bair and Sheard 2 ^ ( c ) 

Lewis, J M , Bodansky, O, and Haig, C Level of Vitamin A m the Blood as an Index 
of Vitamin A Deficiency in Infants and Children, Am J Dis Child 62 1129-1148 fDrr 'i 
1941 (d) Yarbrough and Dann « ^ CC 7 

28 Greenberg, R, and Popper, H Demonstration of Vitamin A in the Retina bv 
Fluorescence Microscopy, Am J Physiol 134 114-118 (Aug) 1941 Brenner, Brookes and 
Roberts 1 

29 Lehman, E, and Rapaport, H G Cutaneous Manifestations of Vitamin A Definen™- 

in Children, JAMA 114 386-393 (Feb 3) 1940 deficiency 
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deficiency as well as in those m all stages preceding severe vitamin A deficiency 
these signs are suggestive but not positive indications of deficiency 

6 Subjective Signs — The general health of the subjects thioughout the experi- 
ment was as usual Theie were one or two colds during the winter, but this was 
no moie than m pievious years There wei e no reports by the subjects of sub- 
jective night blindness One (subject EG) complained of excessive fatigue which 
was most likely^ due to her heavy schedule and late houis 

COMMENT 

It is seen, theiefoie, that noimal, well fed adults did not present any of the 
alleged signs of subchmcal vitamin A deficiency even after seven and one-half 
months on a depletion diet Either or both of two factois may be responsible foi 
such a result Either the demand for vitamin A by the organism is not great 
enough to cause sufficient depletion of normal hepatic stores in se\en and one-half 
months to lesult in the occurrence of the reported eaily signs of vitamin A 
deficienc), 01 these signs are not solely a result of uncomplicated Mtanun A 
deficiency 

That an extensive degiee of depletion of stoies of Mtanun A is a prerequisite 
toi the development of the subchmcal signs of deficiency is borne out by animal 
studies m which the occuirence of these signs has been coi related with hvei stores 
by the gieatei prevalence of subchmcal signs in clnldien than in adults and in 
males than m females and by the relatively low incidence of defects in pojuilations 
on vitamin A-meagei diets In lats it has been shown that a lag exists 
between the exhaustion of hepatic stores and the appeal ance of loss ot weight and 
xerophthalmia 10 In clnldien and males the amount of vitamin A storage is less 
than in adults and females — in children because they have had less opportunity to 
acqune stores, m males (if a sex dilleience is accepted) because they store less 
and lose it more readily than females, as was shown in lats 20 Steven’s and Wald’s 
investigation in Labiadoi 21 revealed only a small percentage of night blindness 
although to judge from the habitual dietaries a much gi eater percentage would 
have been expected Josephs ’ 22 study of the Mtanun A content of the blood and 
dark adaptation in various socioeconomic groups showed that only in severe and 
piolonged vitamin A deficiency were these measuiements affected The failure 
for as long as six months of controlled vitamin A— low diets to result in am of the 
specific signs of deficiency 23 is also indicative that the depletion period studied 

19 Popper, H , and Greenberg, R Visualization of Vitamin A m Rat Organs b> 
Fluorescence Microscopy, Arch Path 32 11-32 (July) 1941 Horton, P B , Murnll, W A , 
and Curtis, A C The Determination of Vitamin A in the Blood and Liver as an Index 
of Vitamin A Nutrition of the Rat, J Clin Investigation 20 387-393 (July) 1941 Brenner, 
Brookes and Roberts 1 

20 Bult, A R , and Sorgdrager, C J Influence of Sex and Castration m Male Rats 
upon Vitamin A Metabolism, Chem Abstr 38 775 (Feb 10) 1941 Brenner, Brookes and 
Roberts 1 

21 Steven, D , and Wald, G Vitamin A Deficienc}’ Field Study in Newfoundland 
and Labrador, J Nutrition 21 461-476 (May) 1941 

22 Josephs, H W , Baber, M , and Conn, H Studies in Vitamin A The Relation of 
Blood Level and Adaptation to Dim Light to Diet, Bull Johns Hopkins Hosp 68 375-387 
(May) 1941 

23 (a) Steininger, G , and Roberts, L J Biophotometer Test as Index of Nutritional 
Status for Vitamin A, Arch Int Med 64 1170-1186 (Dec ) 1939 (b) Isaacs, B C 
Jung, F T , and Ivy, A C Clinical Studies of Vitamin A Deficiency, Arch Ophth 24 
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COPROPORPHYRIN ISOMERS 
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Piotopoiphynn III constitutes the piosthetic group of ceitam vital substances 
notably hemoglobin 1 Only porphyrins of isomeiic senes I and III occui natuially 
m plants and animals, and Fischei - pointed out that it is inconceivable for poi- 
ph}- 11ns of types I and III to be tianstoimed one to the other in any biologic 
piocess, that they must be formed individually in the physiologic synthesis 
Poiphynn anses m the body dui mg svnthesis of hemoglobin rather than during 
its destiuction, as had been supposed fonneily a small piopoition of isomeiic 
senes I arising as a by-product of the mam synthesis of isomeiic series III intended 
101 utilization m the manufactuie of hemoglobin 3 The porphyrin of isomeiic 
senes I is not utilized and is excieted as copiopoiphynn I, and any porphyrin 
ot isomeric senes III which has been synthesized m gieatei amounts than are 
necessan to meet the immediate 1 cquirements, or which is pi evented from entei- 
mg into the synthesis of hemoglobin by a toxic block, such as occui s with lead 
poisoning, is excreted as copi oporphyrm III Thus both coproporphyrms I and 
III might occui in the nonnal unne as tvell as pathologically It tvas supposed 
foimeil} 4 that only copiopoiphynn I -was excreted noimally m the mine until 

Abstiact of portion of thesis submitted to the faculty of the Graduate School of the 
University of Minnesota in partial fulhhnent of the requnements for the degree of Doctoi 
of Philosophy in Medicine 

1 Best, C H, and Taylor, N B The Physiological Basis of Medical Practice A 
University of Toronto Text in Applied Physiology, ed 2, Baltimore, Williams & Wilkins 
Company, 1939 Carrie, C Die Porphyrme Ihr Nachweis, lhre Physiologie und Klinik, 
Leipzig, Georg Thieme, 1936 Mason, V R , Courville, C B , and Ziskmd, E The Porphyrins 
in Human Disease, Medicine 12 355-439 (Dec ) 1933 Morhardt, P E Les porphyrines et 
leui iole physio-pathologique, Presse med 2 1200-1202 (Aug 12) 1931 Vannotti, A 
Porphyrme und Porphyrmkrankheiten, Berlin, Julius Springer, 1937 

2 Fischer, H Hamm, Bilnubin und Porphyrme, Naturuissenschaften 18 1026-1037 
(Nov 28) 1930, Ueber Blut, Blatt und Gallenfarbstoff, in Oppenheimer, C Handbuch der 
Biochenne des Menschen und der Tiere, ed 2, Jena, Gustav Fischer, 1930, supp , p 72, 
Uebei Hamm und Porphyrme, Verhandl d deutsch Gesellsch f inn Med 45 7-27, 1933 

3 (a) Dobrmer, K Porphyrin Excretion in Feces m Normal and Pathological Condi- 
tions, J Biol Chem 120 115-127 (Aug ) 1937 ( b ) Dobrmer, K, and Rhoads, C P 

The Metabolism of Blood Pigments in Pernicious Anemia, J Clin Investigation 17 95-103 
(Jan) 1938 (c) Dobrmer, K Stiam, W H Locaho, S A , Keutmann, H, and Stephens, 

D I II Coproporphyrin I Metabolism and Hematopoietic Activity, Proc Soc Expei Biol 
& Med 36 755-756 (June) 1937 ( d ) Rimington, C Porphyrins and Their Relation to 

the Metabolism of Blood Pigments, Proc Roy Soc Med 32 1268-1275 (Aug) 1939 (<?) Lem- 

berg, R Transformation of Haemins into Bile Pigments, Biochem J 29 1322-1336 (Tune') 
1935 

4 (a) Fink, H, and Hoerburgei, W Isoherung von kristalhsiertem Koproporphyrin 
I aus normalem menschlichem Urm, Naturwissenschaften 22 292 (April 27) 1934 (b) Watson 
C J Concerning the Naturally Occurring Porphynns IV The Urinary Porphyrin in 
Lead Poisoning as Contrasted with that Excreted Normally and in Other Diseases T rim 
Investigation 15 327-334 (May) 1936 
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childien on lelief and by Steffens, Bail and Sheaid _lc m an adult maintained on a 
vitamin A-low diet for one bundled and eighty days This condition has been 
descnbed as occuinng in scuivy, pellagra and othei deficiency diseases, 30 the more 
severely affected patients being fiom the Orient, where the diet is totally inadequate 
m all the dietary constituents 31 Since the deficiencies are multiple, the assumption 
that the lack of vitamin A alone is lesponsible foi the cutaneous changes is not 
justified, even though massive doses of vitamin A have been effective in causing 
a cuie, for m general othei concentiates are also administered 

Mooie 30c in summing up the allowable claims foi vitamin A deficiency stated 

If, theiefoie, the claim that phrjnodcrma (toadskin) is acceptable as a manifestation 
of vitamin A deficiency, it is difficult to understand how night blindness can be accepted 
as an eaih or invariable symptom of vitamin A deficient But is phry noderma due to a 
deficiencv of vitamin A ? There aie a number of observers who hold it is not so 

Fiom these existing unceitainties it is evident that much work needs yet to be 
done on the metabolism of vitamin A to elucidate the confusing evidence 

SUMMARY 

Five >oung adults, 3 women and 2 men weie placed on a Mtamm A-low diet 
foi seven and one-half and foui and one-half months icspectiveh At suitable 
intervals measuiements were made of dark adaptation, blood vitamin A and 
carotene total white blood cell counts and differential blood counts and changes 
in the stiucture of skin and conjunctnas None of these measurements showed 
any definite changes fiom those found pnoi to the deficiency for the length of time 
studied It appeals then eithei that these subjects had sufficient stores to with- 
stand the effects of the depletion diet or that these signs arc not meiely the result 
of uncomplicated Mtamm A deficiencj 

Dis Beckei, Kiause and Oldham and Mrs Helen Pukes Hunt ga\c eoopcration m the 
work on this problem 

30 (a) Scheei, M , and Keil, H Follicular Lesions in Vitamin A and C Deficiency 

Arch Dermat &. Syph 30 177-185 (Aug) 1934 (/>) Keil, H Hie Follicular Lesions of 

Vitamin A and C Deficiency A Critical Survey, Am J Digest Dis 5 40-48 (March) 193S 
(c) Mooie, F D Allowable Claims foi Vitamin \ Deficiencv The Relation of Visual 
Defect and Skin Lesions, J Trop Med & Ilvg 44 47-48 (April 15) 1941 

31 Fiazier, C N, and Hu, C K Nature and Distribution According to Age of 

Cutaneous Manifestations of Vitamin A Deficiency, Arch Dermat & S\ph 33 825-852 (Maa ) 
1938 
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Giotepass 5 6 isolated both copiopoiphynn I and III fiom the mine of healthy 
pei sons Since a possibility still exists that hemoglobin in the diet may aftoid 
an exogenous source of copi oporphyi in III in the mine, Watson 0 suggested that 
a study similar to that of Giotepass, but earned out on the mine of subjects on 
a meat-fiee diet, would be of extreme importance 

The copropoi phyrm is excreted by the livei and kidneys, the ratio of minan 
excietion to fecal excretion depending chiefly on the patency of the bile passage 
and the efficiency of the liver, which is the more important organ of excietion 
Noimally only a small fi action of the total copiopoi phyrm excieted appeals in 
the urine, 7 but this ft action is inci eased in the event of bihat \ obstruction 01 
parenchymatous hepatic damage, a mechanism similar, indeed, to the excietion 
of bile pigments 

Reports have vaned m those instances of hepatic disease in which the m man 
copi opoi phyrm has been isolated and the isomeric type identified Ihe question 
arises whether the findings have been representative of hepatic damage or biliary 
obstiuction m general, or whether they are 1 elated to some complicating circum- 
stance in the particular cases investigated Copropoi phy rm I has been isolated 
from the urine of 20 patients suffenng from such diseases as unchophen cmhosis. 
atiopluc cirrhosis, hemolytic icterus, biliary obstruction, clnonic passne conges- 
tion, lymphosarcoma of the liver, Hodgkin’s disease imolving the bile passage 
and catanhal or infectious jaundice 8 9 Coproporpln i in III has been isolated in 4 
instances, including 1 case each of melanosarcoma ol the Inei and hemochiomatosis 
and 2 cases of atrophic cirrhosis 0 The patient m one of the 2 latter cases had 
been receiving meicury for the tieatment of syphilis, and because of this com- 
plicating toxic factor perhaps this case should not be included 

The present investigation xepresents the stud) of 10 patients who had vanous 
diseases of the livei oi bile ducts, including carcinoma of the common bile duct 
caicmoma of the head of the panel eas wnth biliaiy obstiuction, obstiuctne biliary 
cirrhosis due to stone in the common duct, syphilitic hepatitis plus biliary curhosis 
due to stone m the common duct, hepatic metastasis from caiunoma of the lectum 
subacute atrophy of the liver, atrophic cmhosis and alcoholic cirrhosis All these 

5 Grotepass, W Zur Kenntms der naturhehen Harnporph) rine, Ztschr f plwsiol 
Chem 253 276-280, 1938 

6 Watson, C J Porphyrins and Diseases of Blood, in a Sjmposium on Blood and 
Blood-Forming Organs, Madison, University of Wisconsin Press, 1939, pp 14-30 

7 Dobriner, K, and Rhoads, C P The Quantitative Determination of Urinai \ 
Coproporphyrin, New England J Med 219 1027-1029 (Dec 29) 1938 Watson, C J Con- 
cerning the Naturally Occurring Porphyrins I The Isolation of Coproporphyrm I from 
the Urine m a Case of Cmchophen Cirrhosis, J Clin Investigation 14 106-109 (Jan ) 1935 
Nesbitt, S , and Snell, A M The Excretion of Coproporphyrm m Hepatic Disease I 
Urinary and Fecal Excretion as Correlated with Parenchymatous Hepatic Damage, Arch 
Int Med 69 573-581 (April) 1942, The Excretion of Coprophorphvrin in Hepatic Disease 
II Urinary and Fecal Excretion in Biliary Obstruction, ibid 69 582-588 (April) 1942 
Dobriner 3a Watson 4b 

8 (a) Dobriner, K Urinary Porphyrin m Disease, J Biol Chem 113 1-10 (Feb ) 

1936 ( b ) Dobriner, K , and Rhoads, C P The Porphyrins m Health and Disease, 

Physiol Rev 20 416-468 (July) 1940 (c) Tropp, C, and Pencw, L Quantitative khnische 

Harnporphynnuntersuchungen II Mitteilung Lebercirrhosen, Hepatopathien (aussei Cir- 
rhosen), Tuberkulose und andere Krankheiten, Deutsches Arch f klin Med 180 411-422, 

1937 ( d ) Vigliam, E C, and Libowitzky, H Ueber Porpbyrme nn Harn und ini Kot, 

Klin Wchnschr 16 1243-1245 (Sept 4) 1937 (e) Watson, C J Concerning the Naturally 

Occurring Porphyrins II The Isolation of a Hitherto Undescribed Porphyrin Occurring with 
an Increased Amount of Coproporphyrm I m the Feces of a Case of Familial Hemolvtic 
Jaundice, J Clm Investigation 14 110-115 (Jan ) 1935 

9 Dobriner 8a Vigliam and Libowitzky 8d 
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nuciogiaphs of ciystals of copi oporphyi m III Study of the ciystalline stiucture 
is mteiestmg but is too unreliable to be of any gieat assistance Table 1 repiesents 
the melting points of the copioporphynn isomers I and III, as reported by vaiious 
investigators 

The lesults of the present investigation are shown m table 2 In cases 1 and 2 
the patients had obstructive jaundice, and coproporphyrms I and III were obtained 


Table 1 — Melting Points of the Methyl Esteis of Copi opoi phynns I and III 

m Degiees Centigiade 



Copropor- 

Copropoi 

Refeiences 

phyrm I 

phyrin III * 

Dobrinei ^ 

252 

142 

172 

Chandler, F G , Harrison, G A , and Rimington, C Brit M J 2 
1173, 1939 

252 

145 

172 

Fischer, H , and Neumann, F W m Luck, T M Annual Review of 
Bioehennstrj , Stanford Uni\ersity, Calif, Stanford Unnersitj 
Pxess, 1932, c ol 1, pp 527 534. Fischer H , and Hiemeis, J Ztsehr 
f physiol Chem 190 155, 1931 

250 

145 

105 

Rimington, C Lancet X 770, 1938, Onderstepoort J Vet Sc 7 

567, 1936 

245 

144 146 

169 172 


* CoproporphjTin III possesses a double melting point m that it may first melt at the loner tempeia 
ture and after cooling melt at the higher temperature 


Table 2 — Piesentation of Cases and Ceitain Data 




Range of 







Urinary 




Melting 



Copro 

Days 

Coproporphyrin 


Point, 



porphyrin, 

Ob 

Fraction ns 

V eight, Degrees 

Case 

Diagnosis 

Micrograms 

'on ed 

Isolated 

Mg 

C ' 

1 

Carcinoma of common bile duct 

79 615 

16 

1 Coproporphj rin I 

1 3 

248 


with complete obstruction 



2 Coproporphyrin I 

1 0 

240 





3 Coproporphj rin III 

u. 

1GG 

o 

Carcinoma of head of pancreas 

20 28’ 

19 

1 Coproporphyrin I 

07 

240 


evith complete common duct obstruc 



2 Coproporphj rin III 

03 

13S 


tion 



3 Coproporphviin III 

* 

1G5 

3 

Obstructne biliarj cirrhosis, com 

50 178 

21 

1 Coproporphyrin I 

01 

245 


mon duct stone 



2 Coproporphyrin I 

¥ 

215 

4 

Hepatitis (syphilis), biliary cirrhosis 

76 280 

9 

1 Coproporphyrin I 

01 

24! 


(common duct stone) 



2 Coproporphj rin III 

* 

1G5 

5 

Hepatic metastasis from carcinoma 

190 520 

8 

1 Coproporphj rin I 

02 

247 


of rectum 



2 Coproporphj'rin I 

¥■ 

243 

6 

Subacute atrophy of liver 

115 CC0 

49 

1 Coproporphyrin I 

18 

247 





2 Coproporphyrin III 

1 25 

1G5 





3 Coproporphj rin III 

* 

170 

7 

ktrophic cirrhosis of liver (unknown 

100 030 

17 

1 Coproporphyrin I 

02 

243 


cause) 



2 Coproporphj rin I 

* 

230 





3 Coproporphj rin I 
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3 Coproporphyrin III 
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10 

Alcoholic cirrhosis 

414 838 

48 

1 Coproporphj rin I 

1 G 

242 





2 Coproporphi rin III 

1 1 
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* Too small an amount to neigh 


from the mine In case 3 the patient had obstructive jaundice with considerable 
biliaiy curhosis and coproporphyrin I only was obtained Coproporphyrms I and 
III weie isolated from the urine of a patient who had syphilitic hepatitis com- 
plicated by a certain amount of biliary cirrhosis (case 4) Coproporphyrin I only 
vas obtained from the urine of a patient who had extensive hepatic metastasis from 
caicinoma of the rectum (case 5) From the urine of a patient who had subacute 
atrophy of the liver coproporphyrms I and III were isolated (case 6), and copro- 
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patients weie on a completely meat-fiee diet tluoughout the peuod of obsei \ a- 
tion The unnaiy coproporphyi m was isolated and esterified by the method 
described by Giotepass, 5 and the melting point of the methyl estei was detei mined 
with the Johns micro melting point appaiatus manufactuied by the Fishei Scientific 
Company This method of isolation of coproporpln i in could not be consideied at 



Fig 2 — Crystals of coproporphvrm III methyl ester (X 800) 


all a quantitative piocedure, but was used only as a means of determining the 
isomeric type It was obvious that considerable loss occuried dui mg the time 
of collection and adsorption, as well as during the process of purification and 
isolation Figure 1 represents several photomicrographs of crystals of copro- 
porphyrm I which were isolated during this study, and figure 2 represents photo- 
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Coppei and iron aie essential elements m the human oiganism, and recent 
enlightening lesearch has given increased evidence of their importance m the 
blood stream 

In our first expenments, nine years ago, on the non content of whole blood, 
we found it necessary to establish a large series of determinations on normal 
pei sons 1 The average iron content of whole blood foi 200 men was 50 1 3 ch 
0 15 mg pei hundied cubic centimeteis, and for 100 women it w^as 43 42 ± 0 19 
The mathematical index, the mode, the figure which appeals most fiequently 
in the senes of detei minations and aiound which the majonty of figures group 
themselves, was 50 mg of lion per hundred cubic centimeters for 200 men 
and 45 mg for 100 women 1,3 The fact that in women the aveiage fell below the 
mode lllustiates the tendency toward the anemic state in women 

The determination of iron in whole blood is an accurate method of hemoglobin 
determination, and it compares favorably with the accepted method of detei mining 
oxygen capacity 2 Iron represents 0 335 per cent by -weight of the hemoglobin 
molecule This is called the Butterfield factor 3 

hemoglobin = rng A ir 2L J» J . 4° L c o£ Ji 1 . ° gi 1 = Gm of hemoglobin m 100 cc of blood 

In oui senes the normal hemoglobin value based on detei minations of non m 
the blood of 200 men was 14 96 ± 0 045 Gm pei hundred cubic centimeters of 
blood For 100 women the normal value was 12 96 ± 0 06 Gm We agree with 
other investigators that m the estimation of hemoglobin it is impossible to assume 
a noimal standard for men, women and children 

Childien 4 follow a different standard than adults, especially during the first 
yeai of life They follow a cuive rather than a single standard, if the figures 
are to be expressed on a percentage basis We found that the curve for the iron 
content of whole blood followed the pattern of the curves that otheis reported foi 

From the Departments of Medicine and Biological Chemistry, Creighton University 
School of Medicine 

1 (a) Sachs, A , Levme, V E , and Appelsis, A Iron m Human Blood, Arch Int 
Med 52 366 (Sept) 1933 ( b ) Sachs, A , Levine, V E, and Fabian, A A Copper and 
Iron in Human Blood, ibid 55 227 (Feb) 1935 

2 ICarshan, M, and Freeman, R G, Jr Study of Hemoglobin Methods, J Lab & 
Clm Med 15 74 (Oct) 1929 

3 Butterfield, E Ueber die Lichtextinktion, das Gasbindungsvermogen und den Eisen- 
gehalt des menschlichen Blutfarbstoffs in normalen und krankhaften Zustanden Ztschr f 
physiol Chem 62 173, 1909 

4 Sachs, A , Levine, V E , and Fabian, A A Copper and Iron in Human Blood 
Normal Children, Arch Int Med 58 523 (Sept) 1936 
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porphynn I alone was isolated fiom the unne of a patient who had atrophic 
cirrhosis of the livei of unknown cause (case 7) The mine from 3 patients who 
had alcoholic cirihosis of the livei was examined , in 2 instances both copropoi phyrin 
I and copi oporphyrm III were isolated, but in 1 instance copi oporphy rm III 
alone was demonstiated 

SUMMARY AND CONCLUSIONS 

Ten patients who had various types of hepatic damage oi bihaiy obstiuction 
and who were maintained on a meat-free diet weie studied The urinai y copio- 
porphyrm of these patients was isolated and the isomeric type determined From 
the urine of 6 of these patients, more than half of those on whom such studies 
were undertaken, both copi oporphyrm I and coproporphyun III weie isolated 
In 3 instances (cases 1, 4 and 9) copi oporphyrm III lepresented but a relatneh 
small fi action of the total copiogoiphyim which was isolated, whereas in 3 othei 
instances (cases 2, 6 and 10) a gieatei proportion of the coproporpln i in isolated 
was copi opoi phyrin III In 3 cases (3, 5 and 7) copi oporphyrm I alone was 
isolated, and in but a single case (8) w'as copi opoi phyrin III alone isolated In 
each instance an appreciable quantity of coproporphyrm remained m the mothei 
liquoi, which w^as deeply colored In all probability this was the methyl estei ol 
copi oporphyrm III, wdnch crvstalli7cs with considerably more difficulty than does 
the methyl estei of copropoi phyrin I It is possible that by the use ot a more 
quantitative procedure, such as was described iccently In Watson 10 both copro- 
porphynn I and copi oporphyrm III might be demonstiated in the mine of all or 
most patients wdio have hepatic disease The occurience in the urine ot these 
patients of copi opoi phyi in I, eitliei alone or with additional -varying proportions 
of copropoi phyi in III, is in accord with the cm rent hypotheses of synthesis and 
excretion of poiphynn It is difficult on this basis to explain the exaction ot 
copi opoi phyi m III alone, which occuiied in but 1 instance 

The Mayo Clime 

10 Watson, C J, and Schwartz, S A Method of Separating Small Quantities ol the 
Coproporphyrin Isomeis 1 and 3, Proc Soc E\pei Biol S. Med 44 7-10 (Maj) 1940 
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avei aged 40 61 mg of lion pei hundred cubic centimeteis of whole blood The 
ages wei e from 1 months to 1 5 yeai s 

Fifty milligrams of non foi nonnal males, 45 mg for females and 40 mg 
foi childien of both sexes up to 15 years of age lepiesent the mode foi the non 
content of whole blood By means of the Buttei field 3 factor it was detei mined that 
71 childien had 12 10 Gm of hemoglobin per hundred cubic centimeters of blood 
A normal child would thus legistei 80 per cent hemoglobin on the oichnaiy clinical 
hemoglobmometei , which employs one standard foi companson of all bloods 
legai dless of age or sex of the subject We have used the following foimulas 

Milhgiams of non in 100 cc of blood X 2 = pei cent hemoglobin for men 

Milligiams of non m 100 cc of blood X 2 22 = pei cent hemoglobin foi v omen 

Milhgiams of iron m 100 cc of blood X 2 50 = pei cent hemoglobin foi childien 

Figuie 2 shows the cuives made fiom determinations of coppei and non m 
the blood fiom birth to adult life and also shows that the content of each m the 
blood of both males and females lemams the same up to the age ot pubeity It 
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Fig 2 — Values of coppei and non m the blood of males and females from bath to the 
adult state 

likewise shows that the lion content teaches the adult level eailiei m females than 
m males In guls after the fouiteenth or fifteenth year of life the values foi non 
and hemoglobin become lathei constant and assume the adult state, while, on 
the othei hand, m boys they mciease only slightly between the ages of 14 and 16 
but use shaiply after the sixteenth yeai to reach the real adult state by the 
seventeenth year The copper values follow the same scheme m reaching the adult 
level This is in accoid with other evidences of eailiei matunty in guls The 
level of iron m the blood of childien is 20 per cent lower than that m adults 
but the relationship of non and coppei is maintained The hypofei i onemic pic- 
tuie is accompanied by a lelative hypercupremic picture, and the h_\ pocupi emia 
of the newborn is associated with hj-peifeironenua 

The inverse lelationship of the coppei and the non content of whole blood 
is tiue fiom infancy thioughout adult life and liken lse m practically all tjpes of 
anemia that we have thus far encountered 

The lecipiocal lelationship of coppei and non is best showm m obseivations on 
patients with polj cythenua, whose red blood cells and hemoglobin \ allies can be 
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the hemoglobin content 5 Theie is a sudden diop in both non and hemoglobin 
immediately post paitum and a secondaiy chop in the third month of life The 
immediate drop of hemoglobin is supposedl) due to a physiologic adaptation ot 
the newborn infant to its extrautenne envnonment, and the secondaiy diop maj be 
due to an non depletion of the stoiehouses 01 it may lepiesent the point m an 
infant’s life at which adjustment finall) is made in the digestive and absoiptne 
piocesses to insuie the utilization of the extrinsic suppl) of hemopoietic agents 

HEMOGLOBIN CORVES 

Aftei the hist >eai of life, the non cuue shows nothing unusual othei than 
a giadual use to the level foi adults It is necessan to follow this cuive so that 
piopei indications ioi non theiapy may be thoioughly undei stood No amount oi 
non theiapy thus fai lecorded has seemed to influence this sudden chop in the 
hemoglobin at buth The difteience in non and hemoglobin \ allies for sex aie 
not obsened until aftei adolescence 



Fig 1 — Hemoglobin values for blood of noi mal children, reported bj ^ arious lutboi s 

If foi clinical pui poses one wishes to follow a common standaid, which 
lepresents 100 per cent hemoglobin, foi men, women and clnldien, some foimula 
oi modification may be of value, because they each piesent a sepaiate pictuie 
Excluding non values foi newborn infants, the senes of 71 specimens fiom clnldien 

'5 (a) Williamson, C S Influence of Age and Sex on Hemoglobin, Arch Int Med 
18 505 (Oct) 1916 ( b ) Wilke, E Ueber den Gehalt des Elutes gesunder Kinder iom 
zweiten bis vierzehnten Lebensjahr an roten Blutkorpeichen, an Blutfarbstoff, an Retikulo- 
cyten und an Thrombocyten, Folia haemat 52 291, 1934 (c) Merritt, K K, and Daudson 
L T The Blood During the First Year of Life, Am J Dis Child 46 990 (Nov) 1933 
(d) Kotikoff, I A Ueber den Eisengehalt lm Blute der Sauglinge, Jahrb f Kmdeih 
132 180 (July) 1931 (e) Mackay, H M M The Noimal Hemoglobin Level During the 
First Year of Life Revised Figures, Arch Dis Childhood 8 221 (June) 1933 (/) Ehehjem 
C A , Peterson, W H , and Mendenhall, D R Hemoglobin Content of the Blood of Infants, 
Am J Dis Child 46 105 (July) 1933 ( g ) Drucker, P Investigations on the Normal 
Values for the Hemoglobin and the Cell Volume in the Small Child, Acta prediat 3 1, 1923 
(/i) Kato, K , and Emery, O J Hemoglobin Content of the Blood in Infancy, Folia haemat 
49 106, 1933 



SACHS ET AL— COPPER AND IRON IN HUMAN BLOOD 


493 


The aveiage copper content of 25 pregnant women was 0 195 mg per hunched 
cubic centimeters of blood, which is far greater than the normal, 0 131 mg pei 
hundied cubic centimeteis of whole blood, for nonpregnant women The hyper- 
cupiemia of pregnancy when associated with a normal iron content is physio- 
logic and reflects the normal mechanism of transporting copper from the maternal 
blood to the fetal reservoirs The hypercupremia of pregnancy when accompanied 
by a hypoferronemia may lepiesent not only this mechanism but also mobilization 
of copper to combat the anemia which is commonly found in some pregnant women 
The fetus, on the other hand, has a low copper content of the blood and a 
i datively high iron content This high iron content is maintained even when the 
maternal blood shows definite hypoferronemia The average non content of fetal 
blood was 54 34 mg pei hundred cubic centimeters, while the avei age copper con- 
tent was 0 098 mg These figuies may vary slightly but lepresent a fairly normal 
average After diffusion of the copper through the placenta, the fetus does not 
letam most of this element in the blood stieam but evidently stores it in the liver 
The polycythemia of newborn infants was not evident m our series The blood 
counts repoited by several authois varied because some used cord blood and others 
used capillary blood for the counts Erythrocyte counts on capillary blood are 
universally higher than counts on cord blood Our aveiages show that capillaiy 
counts exceed coid counts by 1,000,000 cells per cubic millimeter m normally 
boin infants and by 700,000 in infants born by cesarean section 9 

The reciprocal relationship of copper and non is piesent in all foims of anemia 
that we have been privileged to examine We have thus far never encountered a 
deficiency of coppei, and it is rather difficult to conceive how a true deficiency 
could exist, unless a very abnormal nutritional state weie present The small 
amount of copper l equired daily and its occurrence m all foods, in watei , in bever- 
ages, m u on compounds and even in dust make the intake ample Stai vation, high 
intestinal fistulas and extremely seveie diarrhea are possible factors encouraging 
a deficiency of copper, but as yet no one has definitely shown a deficiency of this 
element in the blood stream of a human being 

The inverse relationship of copper and iron usually is constant, but occasionally 
copper fails to respond to a fall in iron One such occuirence is nephritis One 
of oui patients with chronic neplmtis had 30 95 mg of iron pei hundred cubic 
centimeteis of whole blood and a blood copper content of 0 180 mg This was a 
noimal lesponse However, as the disease progressed and the anemia became 
more seveie, the iron content fell to 22 05 mg but the copper content failed 
to rise, it diopped to 0 145 mg In another female patient with chronic nephritis, 
the lion content of the blood was 33 9 mg per hundred cubic centimeters and 
the coppei content 0 123 mg These figuies represent a hypofei l onenua without a 
hypercupiemia If much albumin is present, more copper is excreted in the mine 
In a splenectonuzed patient the copper content occasionally fails to respond 
to a drop m iron, but this seems temporary and as the patient adjusts himself 
to his splenectomy normal values soon occur The function of the spleen in coppei 
metabolism is not well understood It is one of the chief stoiehouses for coppei, 
but other than this no definite function in copper metabolism can yet be assigned 
to the spleen 

9 Sachs, A , Levine, V E , Griffith, W O , and Hansen, C H Copper and Iron in 
Human Blood Comparison of Maternal and Fetal Blood After Normal Delivery and After 
Cesarean Section, Am J Dis Child 56 787 (Oct) 1938 
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leadily reduced by phenylhydi azine Hypofen onemia was followed by hyper- 
cuprenua, and hyperfen onemia was followed by hypocupremia Tins is best shown 
in figure 3 

In experimental hemoirhage in dogs and in the massive hemorihage of peptic 
ulcer the lecipiocal lelationslnp of coppei and non is again emphasized 0 Elvehjem 6 7 8 
and the Wisconsin group hare called attention to the action of copper and iron 
m synthesis of hemoglobin, and w r e feel that the reciprocal lelationslnp of coppei 
and iron also emphasizes the importance of copper It acts as a catalyzer and 
likewise must aid m the mobilization of non when needed ftom its storehouse The 
fetal livei is the most important storage oigan foi both coppei and iron The 
fetal livei contains six to ten times as much copper per kilogram of weight as 
the adult lnei Sheldon s stated that 7 mg of copper is stoied in the Inei of the 
newToin infant 

A normal mothei constantly supplies the fetal livei with both lion and coppei 
The blood rolume mci eases during piegnancr and at teim rises to the extent 



Fig 3 — Fluctuation of iron and copper values in the blood of a patient with poh- 
cvthaemia vera 


of 23 per cent The total amount of coppei in the blood stieam dm mg piegnancr 
may be almost twice the amount in the nongiavid state 

The iron content of whole blood duiing pregnancy w^as of two significant types 
one was normal or slightly below noimal, and the second showed a true anemia 
Both types w r ere accompanied b> a high coppei level The aveiage iron content 
of 25 pregnant women lb was 40 44 mg per hundred cubic centimeteis of blood 
which is a figure below the normal, 45 mg , for nonpregnant women This 
relative anemia, or physiologic anemia, as it is called by some, vanes in different 
women and may be combated by iron theiapy 

6 Sachs, A The Effect of Bleeding Ulcers and Hemorrhagic Anemia upon Whole 
Blood Copper and Iron, Am J Digest Dis & Nutrition 4 803 (Feb ) 1937 

7 Elvehjem, C A , and Sherman, W C Action of Copper in Iron Metabolism, J Biol 
Chem 98 309 (Oct) 1932 Elvehjem, C A , Steenbock, H, and Hart, E B Is Coppei a 
Constituent of the Hemoglobin Molecule? ibid 83 21 (July) 1929 

8 Sheldon, J H Some Consideration on the Influence of Copper and Manganese on the 
Therapeutic Activity of Iron, Brit M J 2 869 (Nov 12) 1932 
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been shown to be closely 1 elated to respiratory enzymes and to vanous unde- 
tei mined substances m animal cells This lelationship demands attention because 
ot its beanng on tiansportation and mtei change of iron in the organism 

Feiiification — This teim is used to denote deposition of iron m mflammatou 
aieas The mobilization and deposition m areas of inflammation have been descubed 
iullv by Menkin , 10 and she has advanced a definite piotective function for non in 
tuberculous lesions lion acceleiates giowth of connective tissue cells, a fact which 
suggests that it may aid m tissue lepair Excessive deposits of lion in vanous 
types of hepatic cu rhosis ai e also accompanied by fibrosis 17 

Hemoglobin Pi eduction — Iron is one of the most essential parts of the 
hemoglobin molecule and is the most unpoi taut factoi in 11 on deficiency anemias 
h on Ti anspoi tatiou — The serum iron is the tiansport non and has been 
pieuously mentioned The exchange of iron between the circulating blood and the 
tissue cells is still an unsolved pioblem It is known that a eiy little of the absorbed 
non is excieted and most of it is consei\ r ed and leutihzed 

FUNCTIONS OF COPPER 

The functions of coppei aie not as cleaily undei stood as those of non Coppei 
acts as a catalyst with reference to growth, respiration and hemopoiesis 

Gi ozvth — The earliest function assigned to copper Avas that of a promo tei 
of giowth This Avas found in its lelationship to plants Copper increased the 
giowth of plants unless piesent in too concentiated amounts, m which case it 
inhibited giowth 18 Rats maintained on a diet nch in copper showed a greatei 
increase m aa eight than those on a diet resti icted as to copper 19 

The livei of the embryo and that of the newborn animal of most species contain 
lughei pei centages of copper than the liver of the adult of the same species 20 In 
man 21 the same is tiue, and this high peicentage of copper m the fetal livei is 
necessaiy so that its stoiehouses aviII not be depleted during the first few months 
of infancy, when the diet may be Ioav in copper This fact Avas demonstrated m the 
figures pieviously shown dui mg pregnancy 22 The mother is constantly trying 
to fill the liver of the fetus with copper m ordei to pi epare it for its early life 

Respncitwn — Coppei plays an important role in the lespiratoiy process of 
ceitam ciustaceans and mollusks Hemocyanm is the respiratory pigment of these 
animals Copper bears the same lelationship to hemocyanm as lion does to 
hemoglobin and is piesent m about the same proportion 23 Copper accelerates 

16 Menkin, V Studies on Inflammation, Fixation of Metal in Inflamed Aieas, J Expei 
Med 51 879 (June) 1930, Accumulation of Iron in Tuberculous Areas, Am J M Sc 185*40 
(Jan ) 1933 

17 Sachs, A , and Russum, C Hemochromatosis, Nebraska M J 22 121 (April) 1937 

18 Allison, R N , Bryan, 0 C , and Hunter, J H Bulletin 190, Florida Agricultural 
Expenment Station, 1927 

19 Flinn, F B , and Inouye, J LI Some Physiological Aspects of Copper m the 
Oiganism, J Biol Chem 84 10 (Oct) 1929 

20 Cunningham, I J Some Biochemical and Physiological Aspects of Copper in Animal 
Nutrition, Biochem J 25 1267, 1930 

21 Morrison, D B , and Nash, T P,Jr Copper Content of Infant Livers, J Biol Chem 
88 479 (Sept) 1930 

22 Sachs, Levine and Fabian lb Sachs, Levine, Griffith and Hansen 0 

23 McCollum, E V, Orent-ICeiles, E, and Day, H G The Newer Knowledge of 
Nutrition, ed 5, New' York, The Macmillan Company, 1939, p 211 
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I UNCTION or IKON 

Theie aie fom foims of non, namely, hemoglobin iron, plasma non, easih 
split oft iron and nncleai iron The hemoglobin contains the hugest share ol 
iron and its function is well known The plasma lion or seium non is the 
tianspoit non, which Mooic and his co-wurkeis have so ably described 10 They 
hare shown that the rallies ioi plasma non and seium non are practically the 
same and hence have called the seium iron the tiansport non The easilr split 
oft non was well descnbed by Balkan 11 and was so termed because weak acids 
tiee it fiom its chemical combinations in ciythrocytes and in plasma Its iunc- 
tion is not definitel) known The nucleai non is comparable to the lion found m 
practically all cells and is pait of the lespiratory enzyme mechanism 12 

The functions of non m man aie manifold, but theie aie five mtei csting phases 
in rvluch blood non paiticipates, namely stoiage of iron, catalysis, femfication 
production of hemoglobin and ti anspoi tation of non 

Stoiage — lion is stoied clnefh in the lirei spleen bone mariorr and kidners 
but is found in all cells of the bodr The amount of non in the human bodr ranes 
rvith the age sex, size and nutntional state of a peison A large share of the bodr s 
non is found m the circulating blood A normal adult has about 85 cc of blood 
pei kilogram of bodr weight 1 A male adult rvho normally has 50 mg ot non 
per hundied cubic centuneteis of blood would hare 3 Gm of cn dilating non 
while a female adult of snnilai rveight with normallj 45 mg pei hundied 
cubic centuneteis of blood would have only 2 7 Gm of cu dilating non Chang and 
Harrop 14 found the cu culatmg blood volume between 63 and 76 cc pei kilogiam 
of body rveight This figuie rvas ai rived at by the carbon monoxide method 
rvhich yields lorvei values than the d}e method 

The appioximate total iron content of an areiage adult accoiding to Fowlei 11 
is 4 5 Gm The largest pait, about 2 5 Gm , is m the circulating hemoglobin 
The second laigest amount, about 13 Gm , is m the available stoie bases The 
third portion is found in the nuclei and cytoplasm of all types of cells in the bodr 
which is not available for use in hemoglobin regeneiation When the red cells 
rvhich have completed then life cycle are destioyed in the spleen or elsewheie, the 
hemoglobin released is broken dorvn into globin, bile pigment and non This 
non is the majoi souice of the body’s iron supply 

Catalysis — Waibuig’s establishment of the lespnatory feiment as an non 
complex 12 has been a stimulus to the study of metallic catalysts and enzymes The 
chromatin m the nucleus of eveiy cell contains iron The nuclear matenal dominates 
the metabolism of the cell The feriugmous portion of hemoglobin, the heme, has 

10 Moore, C V , Quiligan, J J, Jr, and Read, J T The Chemical Methods and 
Normal Values for Plasma Iron and “Easily Split-Off” Blood Iron, J Clin Investigation 
15 613 (July) 1937 Moore, C V , Doan, C A , and Arrowsmith, W R The Mechanism 
of Iron Transportation Its Significance in Iron Utilization in Anemic States of Varied 
Etiology, ibid 15 627 (July) 1937 

11 Barkan, G Ueber das leicht abspaltbare Bluteisen und sein Verhaltnis zum Hamo- 
globm, Ztschr f physiol Chem 148 124, 1925 

12 Warburg, O Enzyme Problem and Biological Oxidations, Bull Johns Hopkins Hosp 
46 431 (June) 1930 

13 Keith, N M , Rowntree, L F , and Geraghty, J T A Method for the Determi- 
nation of Plasma and Blood Volume, Arch Int Med 16 547 (Oct) 1915 

14 Chang, N C, and Harrop, G A, Jr Determination of Circulating Blood Volume 
with Carbon Monoxide, J Clin Investigation 5 393 (April) 1928 

15 Fowler, W M Iron Deficiency Anemias, J Omaha Mid-West Clin Soc 2 16 (Jan ) 
1941 
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detei initiations weie made with the photoelectric colorimeter Our previous anal- 
)ses of copper and iron in whole blood were made by colorimetric methods, pre- 
viously described 

Tvble 1 — Compaitson of Average Values * of Copper and lion in the Blood of 

Noimal Males and Female r 



Whole Blood 

Whole Blood 

Serum 

Serum 

Sex 

Copper 

Iron 

Copper 

Iron 

Males 

0132 

50 0 

0 084 

0154 

Females 

0131 

45 0 

0 098 

0139 


* Expressed m milligrams per hundred cubic centimeters 


Table 2 — Determinations * of Hon and Coppei in the Blood of Normal Male Adults 


Jsame 

Age 

Red 

Blood Cell 
Count 

Hemo 
glob in, 
Gm per 
100 Cc 

Serum 

Iron 

Serum 

Copper 

Whole 

Blood 

Copper 

Whole 

Blood 

Iron 

1 Hils 

20 

4,800,000 

13 1 

0168 

0 076 

0105 

44 0 

2 Hasi 

21 

5,216,000 

14 8 

0127 

0 087 

0 098 

49 6 

3 Arch 

22 

5,760,000 

16 8 

0162 

0 0SG 

0 090 

56 4 

4 Fitz 

22 

5,984,000 

14 8 

0181 

0 071 

0100 

49 6 

5 Dem 

23 

5,504,000 

16 3 

0192 

0 080 

0 094 

54 8 

G Addi 

23 

4,896,000 

13 4 

0147 

0 039 

0109 

45 2 

7 Gabr 

24 

4,864,000 

14 9 

0176 

0104 

0101 

50 0 

8 Ande 

25 

5,408,000 

15 2 

0118 

0 080 

0100 

51 2 

9 Egan 

25 

5,408,000 

15 2 

0107 

0 070 

0103 

51 2 

10 Dew 

27 

5,472,000 

ICS 

0159 

0 0S4 

0106 

56 4 

Average 

23 

5,331,000 

151 

0154 

0084 

0102 

50 8 

Range 

20 

4,800,000 

131 

0107 

0 070 

0 090 

44 0 


to 

to 

to 

to 

to 

to 

to 


27 

5,984,000 

16 8 

0192 

0104 

0109 

564 


f Expressed in milligrams per hundred cubic centimeters 


Table 3 — Determinations * of Iron and Copper m the Blood of Normal Female Adults 


Hemo- 


Aame 

Age 

Red 

Blood Cell 
Count 

globin, 
Gm per 
100 Cc 

Serum 

Iron 

Serum 

Copper 

Whole 

Blood 

Copper 

Whole 

Blood 

Iron 

1 Dobe 

20 

4,448,000 

13 9 

0 069 

0 089 

0104 

46 8 

2 Eark 

21 

4,992,000 

14 0 

0 190 

0 124 

0121 

47 2 

3 Marc 

22 

4,576,000 

13 4 

0100 

0 088 

0 105 

45 2 

4 Vaug 

23 

4,864,000 

12 7 

010S 

0104 

0108 

42 8 

5 Arkr 

23 

4,672,000 

13 3 

0181 

0100 

0107 

44 8 

6 Hick 

2u 

4,672 000 

13 9 

0 16S 

010S 

0102 

46 8 

7 Tull 

24 

4,200,000 

14 3 

0182 

0 092 

0105 

48 0 

8 Hugh 

25 

4,480,000 

13 4 

0122 

0 078 

0101 

44 0 

9 Shep 

25 

4,384,000 

13 4 

0125 

0 09S 

0114 

44 0 

10 Jenn 

28 

4,544,000 

12 4 

0149 

0100 

0 106 

41 6 

A\ erage 

23 

4,583,000 

13 5 

0139 

0 098 

0107 

45 1 

Range 

20 

4,200,000 

12 4 

0 069 

0 078 

0101 

41 6 


to 

to 

to 

to 

to 

to 

to 


28 

4,992,000 

14 3 

0190 

0124 

0121 

48 0 


* Expressed in milligrams per hundred cubic centimeters 


The iron content of seium as well as of whole blood is lower in females than 
in males The copper content of serum and of whole blood is relatively high in 
females This is in accord with the lelative anemic tendency reflected in all 
female bloods 
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oxidation of non 21 The oxidation of glutathione is accomplished by the action ot 
coppei, whereas non and other metals fail in this capacity 25 

Hemopoiesis — Copper seems essential to hemopoiesis, although it is not pait 
of the hemoglobin molecule Stem and Lewis 20 have definitely shown it to be an 
impoitant factor in eiythropoiesis Elvehjem and Ins co-workers have shown what 
an impoitant part it plays in hemoglobin foimation, namely, that of a catalyst" 
We have demonstiated that copper is an essential element m hemopoiesis because 
in any type of anemia coppei is called foith to mobilize non fiom the stoiehouses 
as evidenced by its rise in the wdiole blood when non falls This is especiall} well 
shown m bleeding expeiiments on dogs and likewise in massive hemonhage fiom 
bleeding peptic ulceis 

Coppei is tianspoited in the plasma oi seium the same way as non We ha\e 
demonstrated in our experiments on dogs that oial administration of coppei sulfate 
is followed by a substantial mciease in the copper in the blood seium, as is shown 
by figuie 4 

The dogs w ? eie made to fast foi eighteen houts, aftei which we established a 
basal coppei level in the seium fiom horn to bout for seven houis The fasting 



Fig 4 — Rise in scrum copper (expressed in milligrams per hundred cubic centimeters) 
following oial admimstiation of copper sulfate Solid line indicates basal level, broken line 
with x’s, values after a dose of 2 mg of copper sulfate per kilogram, broken line with circles 
values after a dose of 8 mg of copper sulfate per kilogtam broken line, values aftei a 
dose of 16 mg of copper sulfate per kilogram 


values foi serum coppei temained piactically constant Difieient doses of coppei 
sulfate weie used, 2, 8 and 16 mg pet kilogram of body weight The dogs retained 
the 2 and the 8 mg doses but vomited after the 16 mg dose All showed a definite 
use in the copper content of the blood serum 

Our experiments with admimstiation of copper to human beings aie not com- 
pleted at this time but will be reported later Our averages of coppei and iron 
m whole blood and m serum of normal males and females are shown in table 1 

Oui recent analyses of the coppei and iron content of whole blood and seium 
of 10 normal men and 10 normal women are shown m tables 2 and 3 These 

24 Quartaroli, A II binomino ferro-rame in chimica e m biologia, Ann di chim apphe 
22 517, 1932 

25 Voegthn, C , Johnson, J M, and Rosenthal, S M Catalytic Action of Copper in 
Oxidation of Crystalline Glutathion, Pub Health Rep 46 2234 (Sept 18) 1931 

26 Stein, H B , and Lewis, E C Stimulating Action of Copper on Erythropoiesis, T 
Nutrition 6 465 (Sept ) 1933 
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The tieatment of iron deficiency anemia is on a moie lational basis than m 
pievious yeais Iron must be m an lonizable form before it can be absorbed This 
is tiue whether it is m an organic 01 an moigamc form The amount of non 
lequired each day vanes with age, sex and size of the person It has been 
estimated that 5 to 15 mg of iron constitutes the daily lequirement Diffeient 
authois have repoited vauous amounts, but these seem to be the most fiequenth 



Fig 6 — Diauings lllustiatmg technic of making Tliny fistula loops in dogs 

quoted figuies They aie based on veiy caiefully peifoimed balance studies b} 
Fowlei 35 and his associates lion is excreted laigely m the bile feces and urine 
The figuies lepoited foi the dail) requirements of copper have not been as 
widely accepted as the figuies foi iron Some authors set the daily amount at 
2 mg Chou and Adolph 2S maintained that the copper intake should be 2 mg 

28 Chou, T P , and Adolph, W H Copper Metabolism in Man, Biochem J 19 476, 1935 
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ABSORPTION OF IRON AND COPPER 

Mooie and his co-w oikers 27 have shown that non is absoibed chiefh m the 
duodenum, to some extent m the jejunum and to a lesser extent m the ileum The) 
did then woik m human beings by use of the Millei -Abbott tube We have 
pei formed experiments on absoiption of non in isolated loops m dogs and have 
conoboiated their findings on absoiption Iron was absoibed in the upper and 
middle jejunal loops but veiy slightly in the distal loop We also investigated 
absorption of coppei Copper was absorbed in the uppei jejunal loop, but pi ac- 
tually not at all m the middle and distal loops 

The Thny fistula loops were made in all dogs, and the technic used was as 
follows 

With intiatracheal ether anesthesia and with the usual sterile precautions, the abdomen 
was opened through a midline incision about 4 inches (10 cm ) long The first loop of the 
jejunum w'as identified, and about 2 feet (60 cm) of the bowel was maiked off with an Allis 
forceps This segment of bowel w r as separated from the remainder of the jejunum, b\ means 
of rubber-covered clamps on the part to be anastomosed and a Kochcr forceps on the part 
which w r as to form the fistula ContinuiU of the intestinal tract was rcstoied In end to end 



Fig 5 — Studies of iron and copper m the scium (expressed as milligrams per bundled 
cubic centimeters) A Relative constancy during a fne hour period B Definite absorption 
of iron and some absoiption of copper from a loop of proximal jejunum, after 3 mg ot 
ferrous sulfate and 1 mg of cupric sulfate per kilogiam C Definite absorption of iron and 
slight oi no absorption of copper from a loop of midjejunum, after a dose of 3 mg of ferrous 
sulfate and 1 mg of cupric sulfate per kilogram D Slight or no absorption of iron and 
coppei from a loop of distal jejunum, aftei a dose of 3 mg of fciious sulfate and 1 mg ot 
cupric sulfate pei kilogram 


suture wath two layers of silk The distal end of the separated loop w r as closed and im cited 
over a Kocher clamp, and the other end of the bowel was brought out through a stab wound 
in the right rectus muscle and w 7 as anchored in place by sutures th tough the peritoneal and 
outer coat of the bow'd The abdominal incision was closed m layers by the usual method 

Fistulas of this type were made in the uppei, the middle and the lowei loop 
of the jejunum in difteient animals, as illustrated in figuie 6 

27 Moore, C V , Bierman, H O , Minmch, V, and Arrowsmith, W R Studies in 
Iron Absorption with Special Reference to the Relationship of Iron Metabolism to Ascorbic 
Acid, in Blood, Heart and Circulation Svmposium, Publication 13, American Association for 
the Advancement of Science, Washington, D C , 1940, pp 34-37 Moore, C V Arrowsmith, 
W R , Welch, J, and Minmch, V Studies in Iron Transportation and Metabolism Obser- 
vations on the Absorption of Iron from the Gastio-Intestinal Tract, T Chn Imestigation 
18 543 (Sept) 1939 
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When non is prescribed it must be noted whethei the patient actually takes 
it , othei wise the theiapeutic lesults will piove peiplexmg Many patients claim that 
the} aie taking the medication hut in leality aie not Pei sons may react dif- 
feientlv and hettei to one foini of non than to anothei Feirous salts aie most 

-f 

easily ahsoihed 

It is claimed that lack of vitamin B, can pioduce anemia ,’ 1 but at piesent the 
application of this vitamin to the treatment of anemia is in the experimental stage 
Expensne pioducts containing livei extiact, vitamins coppei and non aie of 
no more value than simple ferious sulfate If a vitamin deficiency does exist, the 
amount of vitamin administered m expensive piepaiations may not he adequate to 
co\ei the deficiency Occasionally livei extiact m adequate doses given \wth non 
seems to have value and should be used The use of cobalt has been recommended, 
hut as )et its employment thei apeutically has been too limited to permit an opinion 
ielati\e to its efficiency 

W hen iron is given, it must he ascei tamed that it is being absorbed and is 
pioducmg an adequate hemopoietic response If this lesponse is insufficient, 
the leasons must be sought* The two most impoitant leasons foi failure of iron 
theiapy m anemia aie continued hemoirhage and infection Some anemias, how- 
evei, do not respond to treatment, and no satisfactoiv explanation can be found foi 
such failures 

Creighton Lmneisitv School of Medicine 
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a day foi adults Sherman 20 likewise gave 2 mg of copper as the daily needs 
Othei authois stated that a 70 Kg man lequires 7 mg of copper pei day 30 Some 
give the daily needs of children to be 0 6 mg of available iron and 0 1 mg of 
copper per lcilogiam of body weight 20 

Copper is mostly excreted in the feces and uime The most iron and coppei 
that is lost is usually lost by hemonhage The adult boch is said to contain fiom 
100 to 150 mg of coppei -° With an intake of 2 17 mg , the excretion through 
the bowel was 1 22 mg and in the mine 0 27 mg 

A great conti oversy exists as to whether coppei is oi is not needed in addition 
to iron to combat ceitain types of anemia Most clinicians have found it unnecessan 
to add copper We have ne\ei found a copper deficiency in anal) ses of the blood 
that we have made and do not feel that added coppei is needed in the ticatment of 
non deficiency anemias 

Coppei is present m abundance in livei, ojsteis, nuts and legumes and is 
present in vaiying quantities in all t)pes of food Watei, milk and all othei 
liquids contain copper All iron pharmaceutic pioducts contain copper Dust con- 
tains -\aiiable amounts of coppei In fact, it is haid to get coppei -fiee matenals to 
prevent contamination with coppei in anal) ses for that element It is true that 
a nnlk diet is a coppei -pool diet, but most diets have more than an ample supph 
of copper We feel that one of the best guides to an adequate intake of iron 
is the rise m the reticulocyte count Mooie stated that when using this as a guide 
he has never found a secondar) reticuloc)te response or ail) evidence of moie 
lapid regeneration of hemoglobin after coppei w r as added than was obtained 
by iron alone 31 

The nutritional anemias of infants are a pioblem that needs further stud\ 
before one can definitely say whether oi not coppei is needed In the cases we 
have been privileged to examine w e have found no coppei deficienc) to date 

The ferrous salts are more readily absorbed than the ferric salts Hydrochlonc 
acid seems of great value in ionizing iron and hence in making it more available 
Iron must be available whether it is organic or inorganic Foods vaiy from 20 pei 
cent for some leafy vegetables to 100 pei cent foi egg volks m availability of non 
supply 

The calcium-phosphorus ratio may have some beanng on absorption of non 
Phosphorus interferes with the absorption of non expei unentally, and calcium 
can prevent this interference and thus assures efficient utilization of non Clini- 
cally this as yet seems to be of little importance wuth adequate diets Absence 
of free hydrochloric acid cannot be supplied by the addition of dilute hydio- 
chloric acid, but nature accommodates itself to its needs, as is readil) seen m 
patients with idiopathic hypochromic anemia who have no free acid 

Infections, diariheas or deficiency diseases may mteifeie wuth absorption of 
iron Hemorrhage is the chief cause for loss of lion Growth demands moie 
iron both for increase in the supply needed and foi increase in the blood volume 
Pregnancy needs careful observation because greatei demands are piesent and 
the fetus must be adequately supplied Twin pregnancies and piemature infants 
demand close attention because the supplies may not be adequate 

29 Harrow, B Text Book of Biochemistry, Philadelphia, W B Saunders Company, 
1940 

30 Conferences on Therapy [from Cornell University Medical School and New York 
Hospital] Treatment of Blood Disorders , The Use of Iron and Other Metals, J A M A 
114 2301 (June 8) 1940 

31 Moore, C V , in Round Table Discussion on the Therapeutics of Anemia, J Pediat 
17 554 (Oct) 1940 
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becoming woise, and that he had had edema of the ankles for two months These symptoms 
continued in varying degree throughout the remainder of his life He was admitted to the 
hospital on eleven diffeient occasions (nine times to the Brooklyn Hospital and twice to 
Kings County Hospital) In 1936 a \isible heaving pulsation was noted (at the Brooklyn 
Hospital), and in June 1937 a definite diagnosis of aneurysm of the left ventricle was established 
by roentgen examination In October 193/ the physical examination revealed that he w r as 
suffering from' cardiac decompensation The pulse rate was 84 heats per minute and the 
blood pressure 108 systolic and 82 diastolic Theie was a marked precordial pulsation, sepaiate 
from the apex beat, m the third intercostal space There was no tin ill The heart sounds were 
diminished, and there w>as a systolic murmur at the apex The lungs showed bilateial pleuial 
effusion, and there was edema of both ankles The Wassermann reaction was negative The 
electrocardiogram w^as of the type associated with previous infarction in the anterior wall of 
the left ventricle The roentgenogram showed enlaigement of the left ventricle Along the 
upper part of the lateral border of the heart there was a bulge about 5 cm in diametei On 
fluoroscopic examination there was marked svstole by expansion of the sac This w r as also 
demonstrated by kymograplnc examination The patient died on Oct 10, 1939, at the Brook- 



Fig 1 (case 1) — Aneurysmal bulge at the upper part of the left border 

lyn Hospital, and the autopsy, performed by Dr Arnold deYeer, showed an aneurysm of the 
anterioi suiface of the left ventricle about 6 cm in diameter, the superior margin of which 
was 3 cm from the aunculoventricular sulcus There was also a small aneurysmal bulging 
in the posterior wall of the left ventricle, to which a large thrombotic mass was adherent 
The anterior descending bianch of the left coionary artery w r as occluded slightly above the 
site of the aneurysm, but the circumflex branch and the mam right coronal y w f ere patent 
Branches of the light coronary aitery supplying the posterior w'all were thiombosed Death 
was due to acute hemorrhagic pancreatitis from embolization to the pancreaticoduodenal 
artery There w'as a large recent infarct in the spleen 

Case 2 — A J, a Negress aged 13, b w r as admitted to the cardiac clinic of Kings County 
Hospital m January 1938, complaining of cough and palpitation of six months’ duration The 
previous history showed nothing of note, and there was no history of syphilis in either the 
parents or child Physical examination showed a well developed young girl w’ho appeared in 
good condition The pulse w ? as regular m rhjthm, at a rate of 96 beats per minute, and the 

8 This case has been reported in detail previously (Hollander, A G , and Crawford, T H 
Am Heart J 20 762, 1940) 
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J IIAMILi ON CRAWFORD, M D 

IIKOOK! •S X 

Although aneurysm ot the hcait has been lecogm/ed foi almost two centimes, 
it is only lecently that the antemoitcm diagnosis has been made with any asstuance 
The advent of moie thoiough study of patients wuth heait disease by ioentgcno- 
logic methods has consideiahly increased the frequence wuth which the conect 
diagnosis is made 1 he fits! account of nnemysm of the renlucle was by Galeali 1 
in 1757, but the hist detailed desciiption of the condition was gnen b\ Matthew 
Baillie 2 in 1793 Since then, fiom time to time, othei papers have appeared 
dealing with the subject Ihese hare been fully icview r ed b) Hall Steinbeig 1 
and Paikmson, Bedfoul and Thomson,’ who added cases of then own The hist 
case in wduch the condition was diagnosed b) means of loentgen lays was icpoited 
by Sezaiy and Alibeit" in 1922 Since then, in man) of the cases icpoited it 
has been recognized b> loentgen study although the diagnosis is still difficult, 
as is shown by the tact that m 1926 Pletncw’," in a suinmar) of 300 cases prew- 
ously descnbed, found that in only 6 had the conect diagnosis been made ante 
moitem Gradually definite cntena b) which the condition can be ascei tamed 
are being evolved, so it seems piobable that an increasing numbci of cases will 
become tecogmzed 

Aneuiysm of the ventnculai septum is usuall) diagnosed onh post moitem, 
hence, in this stud) only aneuivsms affecting the rentnculai walls will be con- 
sideied It is possible that a septal aneuiysm might produce the Beinheim s\n- 
diome oi, if extensne that enlaigement ot the heart might be seen on roentgen 
examination Howetet, theic aie so main conditions which frequently cause 
enlaigement of the heait that diagnosis of septal anettnsm is unlikely to be made 

The following 13 cases, in 9 of which the diagnosis was prored by aulops), 
aie repoited because theie was well inaiked ancmysmal dilatation of the ventncu- 
lai wall In 4 of the gioup in which autopsv was peifoimcd the diagnosis was 
made ante moitem, and 3 patients aie still alive One patient presented undis- 
putable clinical evidence of the condition, but pei mission foi an autopsr could 
not be obtained 

impom or casi:s 

Crsc 1 — F A, a white man aged 64, was admitted to the Biookljn Hospital on June 28, 
1935, suffering from severe precordial pain A. diagnosis of acute coronal y occlusion was made 
The infarct was situated in the antenoi w r all of the left ventiiele In October of this jear he was 
readmitted to the Brooklyn Hospital, suffering from acute heart failure (left side) In 
February 1936 he was admitted to Kings County Hospital lie stated that he had been 
dyspneic, that since his illness in 1935 he had had dull precoidial pain, which was giadualh 

From the Department of Medicine, Long Island College of Medicine, and the Kings 
County and Long Island College hospitals 

1 Galeati, D G, cited by Paikmson, Bedford and Thomson'* 

2 Baillie, M The Morbid Anatomy of Some of the Most Important Parts of the Human 
Body, London, J Johnson, 1793 

3 Hall, D G Edinburgh M & S J 14 322, 1903 

4 Sternberg, M Das chronische partielle Herzaneui vsma, Leipzig, Franz Deuticke, 1914 

5 Parkinson, J , Bedford, D E, and Thomson, W A R Quart J Afed 7 455, 1938 

6 Sezary, A, and Alibert, T Bull et mem Soc med d hop de Paris 46 172, 1922 

7 Pletnew, D D Ztschr f klin Med 104 378 1926 
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tempeiatuie lemained noimal The patient’s geneial condition gradually improved On Octobei 
10 it was noted that a localized pulsation had developed in the legion of the stab wound which 
w'as not synchi onous with the apex beat There was a marked thrill in this area, and systolic 
and diastolic murmurs were heaid all ovei the precordium, the site of maximum intensity 
being in the area of pulsation Theie was no Corrigan pulse At this time the electiocardio- 
giam showed a diphasic T wave in lead II and a negative T wave in lead III, w'hile loentgen 
examination showed no change from the pievious study Despite this, it was felt that a diag- 
nosis of traumatic aneurysm of the heart could be made The patient w'as discharged from the 
hospital on Novembei 21 with no evidence of heart failure 

Case 4 — J M , a white man aged 65, w r as admitted to Kings County Hospital on Sept 
3, 1941 He had had a hemiplegia of the left side nine years before, from which he had 
made a satisfactoiy recoveiy He then felt well until 1938, when he w'as seized one day 
with seveie pain in the chest, lasting two to three days This was accompanied by diairhea 
and hiccup After that time he had dyspnea on exertion, which varied in severity, but there 
was no lecurrence of precordial pain He had severe dyspnea when he w'alked and also 
seveie nocturnal dyspnea The legs felt as if they were paralyzed Physical examination 



Fig 3 (case 4) — Aneurysmal bulge on the left bordei slightly below the middle 

tevealed a thin man with slight cyanosis of the lips There was marked generalized aiteno- 
aderosis The pulse was legular, at a rate of 88 The blood piessure w r as 132 systolic and 
82 diastolic There was a diffuse forcible pulsation in the region of the fourth, fifth and sixth 
interspaces It was maximum in the fifth space but covered a wide area, extending as far as 
the midaxillary line at the level of the fifth interspace No thrill was felt ovei the 
pulsation The heart sounds over the pulsation were of fairly good quality, but at the base of 
the heart they weie faint There was a systolic murmur over the pulsation Gallop rhythm 
w'as not present Theie weie bilateial basal rales in the lungs The livei was not enlarged 
There was weakness of the left leg, and a Babinski sign could be elicited on this side The 
Wassei mann reaction was negative The electrocardiogram show ed a negative T w a\ e in lead I 
In lead IV the R wave was absent, the S wave was slurred and the RS-T segment was elevated, 
being followed by a slightly negative T wave Roentgen examination showed calcification of 
the aorta and a localized bulge just above the apex The heart was not significantly enlarged 
Fluoroscopic examination showed a marked saccular dilatation of the left ventricular wall, just 
above the apex There was a vigorous pulsation m this area, and the pulsations were opposite 
to those of the rest of the ventricle The patient was discharged, improved 
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blood piessure was 132 systolic and 92 diastolic There was a marked \isiblc pulsation over the 
lowei portion of the prccordium between the sternum and the nipple No tlmll was felt There 
was a soft systolic murmur at the apex With each heait beat a clicking sound was also 
heard in the region of the apex The results ot physical examination wcie othciwisc normal, 
as weie those of laboratoiy studies The W'asscrmann re iction was negative The elcctio- 
cardiogram showed a negative T w r avc in lead I and an almost absent R waic in lead IV 
(right aim wne connected to piccoidial elect! ode and left leg wnc to left leg electrode) A 
roentgenogram showed a localized bulge about the midpot tion ot the left border of the heart 
Fluoroscopic and roentgenokv mographic examinations showed sjstohe expansion in the region 
of the bulge A diagnosis of aneuijsm of the heart was made 1 he patient continued to 
be active with no paiticulai complaints While playing in a school plavgiound on Aug 28, 
1940, she suddenly fell over, dead Autopsv showed a heart of normal size Projecting from 
the septum of the mitral ring between the auricle and ventricle directlj beneath the posterior 
cusp of the mitral vahe was a multiloculatcd sac, mcasutmg 5 bj 7 cm This consisted of 
dense fibrous tissue m wdnch on microscopic examination strands of heart muscle were seen 



Fig 2 (case 2) — Aneurysmal bulge m the midportion of the left border 

The adjacent auricular and ventnculai muscle was noimal except foi the picsence of recent 
Aschoff bodies There w'ere no old rheumatic lesions, and the coronary vessels were normal 

Case, 3 — J S, a Negro aged 46, was admitted to Kings Count} Hospital on Sept 
22, 1937 Ten davs before admission he had been stabbed over the heart He did not 
faint, a omit or spit up blood He continued to work for six days, and then dvspnea, cough 
and edema of the ankles developed, which gradually increased Pievious to this the patient 
had always been in good health On physical examination he was suffenng from oi thopnea 
and cough There was maiked bilateral distention of the veins of the neck The pulse was 
regular, at a rate of 88 beats per minute, and the blood pressure was 140 systolic and 100 
diastolic Theie was evidence of the stab wound in the fourth interspace over the cardiac 
area The heart was slightly enlarged to the left A systolic thrill extending from the third 
interspace to the sternum was felt, and a harsh systolic murmui was heaid m the same region 
There was no abnormal pulsation noticed The lungs were filled with drv and moist rales, and 
the liver w r as enlarged 3 fingerbreadths There was marked edema The W'assermann reaction 
w r as 4 plus The electrocardiogram showed negative T waves m leads II and III On roentgen 
examination only some enlargement of the left ventricle was seen On the following day 
the temperature lose to 101 F and the pulse rate to 100 beats per minute After this the 
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admission lie had suffeied intei mittcnt precoidial pain On the da> of admission he was 
seized with extiemely severe pain in the chest, which did not abate Physical examination 
showed a man in severe pain The heart rate was 96 beats per minute, and the blood piessure 
was 162 systolic and 90 diastolic The heart did not appear enlarged, and theie was a soft 
systolic murmur at the apex The Wassermann reaction was negative The electiocardiogram 
showed a typical coronary occlusion of the Q, T, type The patient made a satisfactory 
recovery and was discharged on March 11, 1941 He was readmitted on September 15 
He stated that he had had no piecordial pain since dischaige but had suffered from 
mci easing dyspnea on exertion, which had been worse in the last week, otherwise, he had no 
complaints On physical examination there was generalized aiteriosclerosis The pulse rate 
was 72 beats per minute, and the blood pressure was 154 systolic and 94 diastolic The apex 
was clearly visible m the sixth interspace in the anterior axillary line Above and separate 
from this, over a wide area in the fourth and fifth interspaces, extending as far as the mid- 
axillary line, there was a diffuse pulsation This seemed to start before and to last longer than 
the apical thrust There was no thrill felt The heart sounds were good A systolic murmur 



Fig 5 (case 6) — Angulation of the left bordei The aneurysm was show'll by fluoroscopic 
and roentgenokymographic study to be in the region of the flattened area 

was heard at the apex, but this was less intense over the upper pulsation There was a faint 
systolic murmur at the aortic area There were some dry rales at the base of each lung The 
clectrocardiogiam was similar to that on discharge previously The roentgenogram showed 
angulation of the left border, the low r er part being flat In this area on fluoroscopic exami- 
nation there was seen some bulging during systole, but the pulsations were diminished This 
was confirmed by roentgenokymographic examination After a short stay the patient was 
discharged much improved 

C\se 7 — M M, a white man aged 59, w r as admitted to the Brooklyn Jewish Hospital on 
May 20, 1936 He suffered from acute coronary occlusion, the electrocardiograms being of 
the Qs Ts type He improved satisfactory and w'as discharged on Julv 21 Immediately after 
this he took a considerable amount of exercise one day and on returning home had severe dyspnea 
and dull precordial pain He was readmitted to the Jewush Hospital on July 23 The pulse 
rate w'as 120, and the blood pressuie was 140 svstolic and 80 diastolic The heart was 
enlarged to the left, and there was a marked diffuse heaving over the entire precordium The 
heait sounds were faint and a sjstohc murmur was present at the aortic area There was 
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Case 5 — J C, a Ncgio aged 45, was admitted to Kings Count} Hospital on Ma} 28, 1937, 
complaining of dyspnea and of swelling of the legs and abdomen The former had been present 
for a long time, but the latter had developed leccntly Iheie was a history of rheumatic fever 
at the age of 15 Physical examination showed some distention of the veins in the neck and 
considerable edema The pulse late was 90 heats pei minute, and the blood pressuie was 140 
systolic and 100 diastolic The lieai t was considciablv enlarged, but theie were no murmurs 
and the lieai t sounds were good Iheie were rales at the bases of both lungs, and the livei was 
enlarged 4 fingerbi cadths The Wasscrmann icaction was 4 plus Hie elcctroeardiograin 
showed slurring of the QRS segment m all leads and a negative T wave in lead I A roentgeno- 
gram was not taken at this time Hie patient was discharged after the heart failure was relieved 
He was readmitted on March 20, 1939, suffering from acute bionchopneumoma, from which 
he lecoveied On May 9 and October 27 lie lclurncd with heart failure and had similar ph} st- 
eal findings On the latter admission loentgen examination revealed a heart which was 
enlarged to the left About halfway on the left vent) leulai contour theie was angulation, and 
below this, flattening of the wall Roentgenokunographic examination showed svstolic expan- 



Fig 4 (case 5) — Angulation of the left border of the heart The aneurysm was pioved b\ 
autopsv to be in the lowei part of the anterior wall of the left ventricle and apex, the flattened 
area 

sion in this region In December he suffeied from an attack of hemiplegia of the left side, 
from which he made a satisfactory recovery He was leadnutted on Jan 26, 1940, again with 
heart failure The final admission was March 3, 1941, for the same complaints The onlv 
significant changes which had taken place vveie that the electrocardiogram now showed left 
bundle branch block and the blood pressuie was 170 systolic and 120 diastolic On March 7 
pain developed in the suprapubic legion and nausea but there was no vomiting There were 
tenderness in this region and some ugidit} Shoillv after this he died Autopsy revealed a 
heart which was considerably enlarged There was concentric liypei trophy of the left ven- 
tncle The apex was replaced by fibrous tissue, and there was an aneurysmal dilatation in 
this region The coronary vessels were markedly sclerotic, but no occlusion was found Cardiac 
cirrhosis of the liver was present and an old thrombus in the right femoral artery Death 
was due to mesenteric thrombosis with peritonitis 

Case 6 — A D , a white man aged 58, was admitted to Kings County Hospital on Jan 
22, 1941 He stated that he had had high blood pressure foi a long time Seven days before 



CRAWFORD— ANEURYSM OF HEART 


509 


antemortem thrombus There were an old occlusion of the anterior descending branch of 
the left coronary artery and severe generalized coronarv sclerosis There was no evidence of 
recent infarction Generalized arteriosclerosis was found, and there was blood-tinged fluid in 
the right pleural cavity The liver was enlarged 3 fingerbreadths 

Cvse 9 — C G, a white man aged 55, entered Long Island College Hospital on Jan 6, 1934 
He stated that until three weeks before he had never been sick At this time he noticed 
edema of the ankles m the evening After a week the swelling had extended farther up 
the legs At about the same time he noticed pain of a gripping nature on both sides of the 
chest radiating to the left shoulder The pain was not related to exercise He also began to 

cough and had chilly sensations He suffered from shortness of breath, which became progies- 

sively worse The night before his admission nocturnal dyspnea w'as present, accompanied 
by precordial pain The temperature on admission was 100 4 F , and the pulse was regulai 
at a rate of 84 beats per minute The blood pressure w'as 110 systolic and 80 diastolic There 
w'as c}anosis of the lips and extremities and edema of the legs The heart w'as enlarged down- 
ward and to the left A systolic crunching sound w r as present in the midprecordium Theie 

w'ere no murmurs There w'ere an impaired percussion note at both bases and many rales on 

both sides The lner was enlarged 2 fingerbreadths The Wassermann reaction was negative 
The electrocardiogram showed evidence of coronary occlusion On loentgen examination, the 
heart was seen to be enlarged in all diameters, and there was calcification of the aorta On 
the patient’s second day in the hospital tachycardia at rate of 150 beats per minute developed 
He w'as given digitalis and quinidine, and the next day the previous rate was resumed 
On January 15 auricular fibrillation was observed but his general condition had improved 
The fibrillation continued, but then he commenced to lose gfound On January 30 a strong 
irregular cardiac impulse w'as seen and felt between the ribs and iliac crest He was stuporous 
and died that evening Autopsy revealed a considerably enlarged heart The pericardium was 
adherent to the apex The low r er segment of the left ventricle w r as the seat of a large aneurysm, 
and there w'ere old and recent infarctions in this area There w'as an adherent thrombus 
in the region of the aneurvsm An old occlusion of the left anterior descending artery was 
present, and sclerosis of the othei coronary vessels An embolus w'as present in the left cerebral 
artery 

Case 10 — H A, a white man aged 71, was admitted to Long Island College Hospital on 
Dec 18, 1939 He stated that for about eight years he had suffered from bronchitis with cough 
and sputum He was dyspneic for about three to four years and had some edema of the ankles 
for three months Physical examination showed a slightly dyspneic man The pulse w'as 
regular in rhythm, at a rate of 80 beats per minute, and the blood pressure w'as 92 systolic and 
64 diastolic The heart was considerably enlarged, the apex being in the anterior axillary line 
There were a short systolic murmur at the apex and a rough svstolic murmur at the aortic 
area There w'ere scattered dry rales in the lungs, and the edge of the liver was just palpable 
The Wassermann reaction was negative The electrocardiogram showed changes suggestive 
of an old anterior infarct The patient w'as discharged on December 31 much improved He was 
readmitted on May 24, 1941 He had been comparatively well since discharge until tw'O weeks 
before, when congestive heart failure again developed At this time the pulse rate was 104 beats 
per minute and the apex w'as in the midaxillaiy line There w'ere many moist rales m both 
lungs The liver w'as enlarged 4 fingerbreadths His condition became progi essively woise, 
and he died the next day Autopsy showed a considerably enlarged heart In the region of 
the apex and the anterior w'all along the septum there w'as an aneurysmal dilatation about the 
size of a child’s fist It contained antemortem thrombus, and the pericardium w'as adherent 
m this area There W'as an old occlusion of the anterior descending branch about the junction 
of the upper and middle thirds The rest of the coronary vessels showed moderate sclerosis 

Case 11 — E T , a W'hite man aged 77, was admitted on Oct 30, 1932 to the ear, nose and 
tin oat seivice of Long Island College Hospital, suffering from acute suppurative mastoiditis 
The pulse rate w'as 7S beats per minute and the temperature 100 F The blood pressure was 
158 s\stohc and 92 diastolic The heart was not significantly enlarged There w'as a harsh 
svstolic murmur at the apex and a softer s\stolic murmur at the aortic area The results of 
phjsical examination w'eie othei wise normal The Wassermann reaction was negative The 
mastoid condition became progressnelv w'orse, and on November 2 an operation was performed 
lhe condition continued to deteriorate, and the patient died on Noi ember 7 Autopsy revealed 
some enlargement of the heart On the posterior surface of the left \entncle, close to the region 
of the mitral valve, there w'as a calcified aneurysm of the left ventricle The sac contained no 
antemortem clot There w r as calcification of the aortic vahe, wuth stenosis The anterior 
descending arter\ showed calcification and was narrow'ed 1 cm from its origin There wa' 
moderate sclerosis of the right coronarj arterj There were two aneun-sms of the aorta near 
the origin of the iliac -vessels, measuring, respectneh 5 bw cm and *5 b\ 6 cm The right 
kidne\ was atrophied 
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evidence of fluid m both pleural cavities The patient was transferred to Kings Count} 
Hospital on July 30 The pulse rate had fallen to 80, and the blood piessurc was 150 systolic 
and 90 diastolic The apex yvas m the sixth space, 1 inch (2 5 cm) outside the midday lcular 
line The heart sounds were faint There were moist rales at the bases of the lungs, blit 
the fluid in the pleural cavities had disappcaicd Roentgen examination showed an angulation 
of the left border of the heart with suggested nnomalacia m the lower part of the left 
ventricle and apex Fluoroscopic examination showed diminished pulsation m this region yyith 
some systolic expansion, and kyunograpluc studies confnmcd this The Wassermann reaction 
ivas negative The patient W'as dischaiged after he recoyercd from the attack but w.is readmitted 
on September 30, with the same sjmptoms At this tunc the diffuse pulsation yylnch had been 
noted over the whole piecordium seemed to be most pronounced at the apex On October 3 
the electrocardiogram suggested that he had had a recent, as well as an old, infarction Hie 
patient remained free from signs of decompensation while at rest, but anv actniti brought on 
heart failure He yvas transfeired to the Jewish Home for Incurables, where he died this 
summer An autopsy yvas not obtained 



Fig 6 (case 7) — Angulation of the left border Ihc aneurjsm yyas demonstrated by lluoio- 
scopic and loentgenkymographic stud} to be in the icgion of the flattened area 

Case 8 — J K , a yvhite man aged 62, yvas admitted to Kings Count} Hospital on ‘Vug 20, 
1937 He stated that two weeks before, while he w'as eating, seyere abdominal pain suddenly 
developed This yvas situated near the umbilicus and ladiated to the left upper quadrant Ihcre 
w'ere no gastrointestinal symptoms except that he lnd had dianhea for tyvo da}s He also 
suffered from some dyspnea He continued to yvork, but the pain and d}spnea continued 
The pain yvas most seyere when he lay down The condition greyv progressed} yyorsc 
so he came to the hospital Physical examination shoyved pronounced orthopnea The 
respiratory rate yvas 40 per minute The veins in the neck yvere distended The pulse yvas 
yveak, but the rhythm yvas regular, at a late of 115 beats per minute The blood pressure yyas 
184 systolic and 112 diastolic The heart yvas enlarged to the left, and the heart sounds yyere 
faint No murmurs yvere heard There yveie bilateral basal rales, and the liver yvas enlarged 
3 fingerbreadths The electrocardiogram suggested an acute coronary occlusion yyith the 
infarct m the anterior yvall of the left y'entricle Roentgen examination shoyved generalized 
enlargement of the heart yvith dilatation of the aorta The Wassermann reaction yvas negative 
On November 3 he had yvhat appeared to be a cerebral embolus, and a yveek latei he died 
Autopsy shoyved a considerably enlarged heart The pericardium yvas adherent to the left 
ventricle In the region of the apex there yyas an aneui vsm 8 cm m diameter filled yyith 
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CLINICAL FEATURES 

Site — Most aneuiysms occui in the left ventricle, as is to be expected since 
myocaidial mfaiction of the right ventncle is uncommon The most frequent site 
is the apex and its immediate vicinity, and the arteiy which has been most often 
occluded is the antenor descending bianch of the left coronary aiteiy In 9 cases 
of the piesent senes the aneurysm was located m the region of the apex m 3, 
highei on the anterioi oi lateral wall, and in 1, on the posterior wall 

Symptoms — Theie aie no symptoms chai actenstic of aneuiysm of the heait, 
indeed, the patient may be able to cairy on ordinary activity without discomfoit 
and the aneurysm may be discoveied during the course of a loutme examination 
(case 2) The most common symptoms aie those associated with congestive heait 
failuie, although in some instances angina pectons may be the sole complaint 

Physical Signs — The most impoitant physical sign is the piesence of abnormal 
pulsation m the piecoidial area It is stated that a displaced apex which is moie 
diffuse than noimal and both forceful and heaving is chai actei istic This is, how- 
evei, fiequently seen m large heaits without aneurysm and would be valuable 
only if the possibility of aneuiysm weie consideied as a lesult of other evidence 
It was seen in 2 cases in the piesent senes Libman and Sacks, 9 Libman 10 and 
Diesslei and Pfeifitei 11 stiessed the value of a pulsation sepaiate and distinct 
fiom the apex, especially when it is situated above the fifth lib This is a most 
impoitant sign, and its presence fiequently peinuts the diagnosis to be made by 
physical examination alone It was seen m 5 of my cases Sometimes the abnoi- 
mal pulsation appealed befoie the apical thiust and lasted longer A muffling of 
the heait sounds oi a disproportion between the forcefulness of the pulsation and 
the intensity of the heait sounds has been descnbed This was found in onl) 3 of 
my patients Some had heait failuie and might have shown it without aneuiysm 
Fuitheimoie, the heait sounds aie often diminished aftei coionaiy occlusion even 
when no aneuiysm is piesent Gallop lhythm has been noted in the hteiatme 
but was not noted in these cases It also may be evidence of myocaichal iailuie 
and is not chai actei istic of aneuiysm Lutembachei 12 stiessed the value ot pain 
ovei the apex This was found in 1 of my patients but does not seem to be a sign 
of any paiticulai value Percussion demonstiates only a veiy laige aneuiysm 
and has been supeiseded by loeutgen examination Murmurs do not aid m the 
diagnosis A systolic murmui is often piesent, and 1 of my patients had a double 
muimui ovei the abnoimal pulsation The blood piessuie was not significantly 
elevated except m 1 instance Congestive heart failuie was piesent at some tune 
m 9 of my cases and is the common cause of death 

ROEN IGENOLOGIC OBSERVATIONS 

The most valuable mfoimation is obtained by fluoioscopic examination, because 
one can study not only the cardiac contom fiom all angles but the pulsations as 
well Roentgenogi ams should lie taken foi detailed analysis not only in the 
postei oantei lor position but in the oblique position, the most favoiable position 
having been detei mined by fluoioscopic study Ceitam aneurysms of the antenoi 
wall and those on the posterioi wall can be seen only m i oentgenogiams taken 

with the patient m the oblique position B) roentgenokymogiaphic examination 

9 Libman, E, and Sacks, B Am Heart J 2 321, 1927 

10 Libman, E Proc Interstate Post-Giad M A North America (1926), 1927, p 60 

11 Diesslei, W, and Pfeiffei, R Ann Int Med 14 100, 1940 

12 Lutembachei, R Arch d mal du cceui 13 49, 1920 
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Case 12 — R S , a white woman aged 5S, was admitted to Kings County Hospital on Dec 19, 
1938 One week before, severe prccordial pam radiating down the left arm and d\spnea had 
developed This improved, but the pain again returned severely the dav before admission 
Physical examination revealed a woman suffering from some dyspnea Ihe temperature was 
100 F, and the pulse was regular in rhvthm, at a rate of 115 beats per minute The blood 
pressure was 130 systolic and 74 diastolic The heart was enlarged to the left, and there 
were systolic murmurs at the apex and aortic areas Ihe lungs were normal, and the liver 
was not enlarged The Wassermann reaction was negative The electrocardiogram showed 
a QRS segment of low voltage m all the standard leads, the R wave was almost absent, and 
there was an elevated RS-1 segment in lead IV, suggesting an acute infaiction of the anterior 
wall No roentgenogram was taken The condition progressed satisfactorily , but on December 
29 the patient suddenlv became comatose Hei pulse became irregular, and she died soon 
after Autopsy showed an enlarged and dilated heart On the anterior surface of the left 
ventricle at the apex there was a large gray -white aneurysmal bulge, to which the pericardium 
was adherent There were marked coronary sclerosis and arteriosclerosis of the aorta Acute 
pancreatitis was present 

* 

Case 13 — J T, a white man aged 53, was admitted to Kings County Hospital on April 25 
1941 His condition was so sei 1011 s that no lustorv could be obtained The temperature was 
106 F, and the lespiratory rate was 44 The blood pressure could not be obtained Extreme 
enlargement of the right ceivical glands was present Ihe heart was totally irregular, at a 
rate of about 140 beats per minute It was enlarged, and the hcait sounds were weak No 
murmurs vveie heard The lungs were noimal, and the liver was not enlarged The Wasser- 
mann reaction was negative A bedside roentgenogram was taken and apart from cardiac 
enlargement showed nothing significant An electrocardiogram was not obtained The patient 
died soon after admission Vutopsy revealed considerable cardiac enlargement Ihe peri- 
cardium was adherent to the lower half of the left ventuclc *\t the apex there was an 
aneurysmal dilatation, 6 bv 5 cm The wall was hard and calcified, and there was no evidence 
of muscle in this region The aortic and mitral valves were sclerotic The coronarv aitenes 
were verv sclerotic, but no occlusion was found Marked generalised arteriosclerosis was 
present 

n i iolocv 

All authois agiee that in the niajonl) of eases caichac aneur}sm follows 
coionaiy occlusion Stembeig 1 stated that in 84 8 per cent of the 207 cases 
which he analy7ed caidiac aneuiysm followed coronal} occlusion In 13 of the 
16 cases of Parkinson, Bedfoid and Thomson 3 theie was a picvious coionan 
occlusion The evidence of coionaiy occlusion consists of eithei a typical lustorv 
or positive electrocaichogiapluc signs oi both In 8 of the piesent senes ot cases 
there weie the characteristic signs of a pi ev ions occlusion Cases have been 
described m which in patients with infective endocaiditis the aneuiysm followed 
abscesses of the ventnculai wall caused by infected emboli A few cases have been 
described m which the caidiac aneuiysm was secondaiy to gummas of the ventncle 
Two patients in the piesent senes who had no evidence of a pievious coionaiy 
occlusion had a positive Wassermann leaction, but postmoitem examination ot 1 
showed no syphilitic lesions in the heait muscle while m the other the aneuiv sni 
was secondary to tiauma Congenital aneuiysms have been repoited in iaie 
instances These have mainly involved the pais membianacea septi In 1 ot the 
aforementioned cases the aneuiysm, piojectmg fiom the ventncular wall, was of 
congenital origin Tiauma of the heait is sometimes followed by aneuiysm and 
was the cause in 1 of this senes Neciosis of the myocaidium secondaiy to lheu- 
matic lesions has been stated to be an etiologic factoi but must be veiy infiequent 
In 1 case of undetei mined origin theie was a lustoiy of lheumatic fevei at the age 
of 15 but the autopsy gave no evidence that this played any part, no satistacton 
cause could be determined 

A summaiy of the hteratuie shows that 66 pei cent of the patients with this 
condition aie males In the piesent gioup theie were 11 men and 2 women 
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the extent of the lecoveiy which ensued and how much the patient was able to 
accomplish despite the piesence of an aneuiysm Indeed, m case 2 (congenital 
aneurysm) theie were no caidiac symptoms at all This feature has been com- 
mented on by othei authors The aneurysm itself does not seem to play a gieat 
pait in detei mining the outcome m most instances', the deciding factor seems to 
be the functional capacity of the lest of the ventricle Rupture of the heait was 
not a cause of death in any of my cases The usual termination is piogiessive 
caidiac decompensation In some instances fatal embolization takes place 

DIFFERENTIAL DIAGNOSIS 

1 Tumoi of the Iieai t — As in aneurysm, this may cause a bulge on the caidiac 
contour If the tumoi is metastatic, there may be evidence of carcinoma elsewhere, 
while theie is, as a lule, no evidence of a previous coionary occlusion With a 
tumoi the heait is not enlaiged usually, whereas with an aneurysm this is common 
The pulsation in a solid tumor is synchionous with the rest of the heait, whereas 
m an aneurysm there is usually systolic expansion or absent pulsation In a soft 
tumor, such as a very vasculai saicoma or a hemangioma, a leversal of pulsation 
may take place Fulton 10 descubed a case of systolic expansion wdnch lesponded 
w'ell to antisyphihtic theiapy 

2 Aneuiysm of a Sums of Valsalva — This may project to the left and upwaid 
and thus cause difficulty A positive Wassermann leaction or aoitic insufficiency 
would suggest this as a likely diagnosis 

3 Aneuiysm of a Coionaiy Aiteiy — This type of aneurysm is lare and sel- 
dom large If it reaches a sufficient size to be easily seen, it may leadily be mis- 
taken for an aneurysm of the heait 

4 Aneuiysm of the Descending Aoita — This condition may be seen piojectmg 
to the left of the caidiac contoui, but caieful i oentgenologic study will easily 
establish the collect diagnosis 

5 Divci ticuhnn of the Pencai dium, Loculated Pei icai dial Effusion oi Cyst of 
the Peiicaidinm — Any of these conditions may lesemble aneurysm Cushing 17 
found on a review of the literatuie that the first in most instances w r as seen on the 
right side, where aneuiysms are not common, and he also stated the belief that a 
change in shape of the shadow on lespiration is an important diagnostic featuie 
The lustoiy of a pievious pencaiditis may help in dififerentiatmg effusion, and 
the type of pulsation seen m aneuiysm may be an aid Differences m density of the 
i oentgenographic shadow' between the heart and the pericardial disease may at tunes 
help to settle the mattei 

6 Enlaiged Pulmonai y Conus — An enlaiged pulmonary conus secondaiy to 
mitral stenosis, congenital heart disease, cor pulmonale or Ayerzas disease should 
give little difficulty in diffeiential diagnosis, as in these the lesults of loentgeno- 
giaphic examination rarely simulate aneurysm and the clinical featuies of these 
diseases are chaiactenstic 

7 Tumoi s of the Chest — Tumoi s of the mediastinum or of the lung can be 
sepai ated by caieful i oentgenologic study and the clinical features of piessure in 
the mediastinum oi evidence ot pulmonary disease 

8 Pai a- Apical Pad of Pat — The para-apical pad of fat is easil} differentiated 
from an apical aneui \ sm b\ loentgen examination 

16 Fulton, M X \neui\sm of the \ entncle of the Heait, TAMA 116 115 (Tan 11) 

1941 * 

17 Cushing, E H Di\ erticulum of Pericardium, Arch Int Med 59 56 (Jan) 1937 
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one is enabled to study the pulsations in detail Studies aftei the injection of 
diodiast may demonstrate the aneuiysm clearly if it is not filled with thrombus 

Paikinson, Bedfoid and Thomson 5 desuibed the following signs as the most 
impoitant aids in establishing the diagnosis by loentgenogiaphy (1) enlaige- 
ment of the left ventiicle with deformity of its contoui, (2) a localized pro- 
tubeiance msepaiable fiom the shadow of the heart on lotation of the patient 
(3) abnoimal oi absent pulsation of the aneuijsmal zone, (4) evidence of adhesions 
between the heait and the wall of the chest oi the diaphiagm and (5) calcifica- 
tion of the wall of the sac oi its contained clot The} particularly sticssed the 
value ot an abiupt ledging of the anterior contoui of the heait as seen with the 
patient in the light oblique position Aneui)sms of the postenoi wall are demon- 
stiated wuth the patient in the left oblique position and sometimes cause displace- 
ment of the esophagus 

Thiee of the patients in the piesent senes had no loentgen examination, as 
caidiac aneuiysm had not been suspected clinically Eight showed enlargement 
of the heait and 3 a locah/ed bulge Angulation ot the left lentncular contoui 
was seen 3 tunes Abnoimal pulsations demonstiated by fiuoioscopic oi loentgeno- 
kymogiaplnc examination aie fiequently of the gieatest value Then character 
varies fiom a leveisal of the noimal type to absent pulsation Schwedel and 
Gross 13 stated that in then cases the pulsations wcie synchronous, asynchronous, 
systolic or conti apulsile The pulsations weie pro\ed to be abnoimal in the 
aneunsmal zone m 6 of my patients Of these 4 showed an expansion dm mg 
systole of the lest of the ventiicle, with ballooning out m a most striking manner in 
2 of them, the othei 2 had very small oi no pulsations In none were pulsa- 
tions of the normal type Gi oss and Schw edel 1 1 hat e emphasized the \ alue of local- 
ized pencaidial adhesions in the diagnosis This was not piesent in any of m\ 
cases, but on autopsy adhesions of the pericaidium to the sac weie seen in 6, the\ 
w r ere absent m 1, and in 2 there w r as no note as to its piesence oi absence None 
of the patients m -this study show r ed calcification of the wall of the sac or of a 
thrombus contained therein When calcification is seen it must be diffeientiated 
from calcification of the pericardium The lattei is on the surface and usualh 
more diffuse, while in calcification of an aneunsm the calcification should be 
localized and not confined to the suiface 

ELECTROCARDIOGRAPH \ 

Eliasei and Konigsbei g 15 desci ibed electi ocai cliogi aplnc signs w Inch the\ con- 
sideied of diagnostic value in cases of caichac aneuivsm In none of my cases 
were theie changes of this type Electi ocaichograms u r eie of help on!) when thei 
established the existence of a pievious coionaiy occlusion 

PROGNOSIS 

Caichac aneui)sm indicates, as a lule, vei) extensive damage to the ventiicle 
It has been suggested that aneuiysm is moie likely to develop when an adequate 
penod of lest has not followed the coronaiy occlusion This seems a leasonable 
expectation, but at least seveial of my patients w'eie known to have leceived veiy 
sat’sfactoiy tieatment of the occlusion Nine of them had heait failuie at some 
time dining then course However, it was suiprising m many instances to observe 

13 Schwedel, J B , and Gross, H Am J Roentgenol 41 32, 1939 

14 Gross, H , and Schwedel, J B New York State J Med 41 488, 1941 

15 Eliaser, M , and Konigsberg, J Electrocardiographic Findings in Cases of Ventricular 
Aneui 3 r sm, Aich Int Med 64 493 (Sept) 1939 
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common conditions, that it is veiy doubtful whether a satisfactory differentiation 
can be made Zdansky 23 points out that aneui)sm must attain a considerable size 
befoie a clearly circumsci ibed bulging at the apex is seen The apex region can 
be studied m moie detail during very deep inspiration or after inflation of the 
stomach with gas Aneurysms higher in the ventricular wall or on the posterior 
wall, the latter being usually basal, can be visualized much more leadily 

CONCLUSIONS 

1 Theie aie no symptoms characteristic of aneurysm of the heart It may be 
asymptomatic, blit as a rule some symptoms due to congestive heait failure are 
piesent Sometimes angina pectoris is the only complaint 

2 The signs which are most frequently present and appeal to be most impor- 
tant m the diagnosis of aneuiysm of the lieait are (a) a histoiy or electrocardio- 
giaphic proof of previous coionaiy occlusion, ( b ) the piesence of an abnormal 
precoidial pulsation distinctly sepaiated from the apex pulsation, particularly 
when it is situated above the fifth rib, ( c ) on loentgen examination a localized 
bulge which cannot be separated from the heait shadow m any view in which it 
can be seen or an angulation of the left bordei of the heart, (d) systolic expansion 
m the legion of the abnormality as seen on fluoroscopic or roentgenokymogiaphic 
examination, which is practically conclusive evidence, and small contractions or 
none m this area, which are strongly suggestive, (e) localized pericardial adhesions 
or calcification of the aneurysmal wall oi its contents 

3 The following conditions simulate aneurysm of the heait most closely and 
must be carefully differentiated from it ( a ) tumor of the heait, ( b ) aneurysm 
of a sinus of Valsalva, (c) aneurysm of a coronary aiteiy, (d) calcification of 
the pei lcardium , (e) diverticulum of the pericardium, (f) loculated pericardial 
effusion , ( g ) cyst of the pericardium 

The physicians of Kings County and Long Island College hospitals who had some of the 
patients reported on under their care at different times gave permission to include their cases 
in the series The physicians of Brooklyn Hospital gave permission to use the data for 
the patient admitted to that institution (case 1) 

178 Eighth Avenue 

23 Zdansky, E Rontgendiagnostik des Herzens und der grossen Gefasse, Berlin, Julius 
Springei, 1939 
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COMMTNT 

One of the most striking featuies noted in leuewmg the hteiatuie is the marked 
mciease m the incidence of caidiac aneui)sm in lecent >eais compared to the 
incidence in earlier reports These weie based on autopsy studies, hence it 
seems that the condition •was unlikely to have been overlooked In 1884 Legg 1s 
observed only 3 instances in 1,890 autopsies Summaries of laige senes of post- 
mortem studies showed as low, if not a lowei, incidence In contrast, Parkinson, 
Bedfoid and Thomson/ combining their own statistics with those of other authois 
lepoitmg its occurrence aftei coionary occlusion, stated that cardiac aneuiysm 
takes place in 9 per cent Coronary occlusion was not usualh lecogm/ed before 
its descnption by Hernck 19 m 1912, hence it is difficult to say whether oi 
not theie has been an increase m its incidence Howevci, theie is such a marked 
disci epancy that such would hardly account foi the difference The most hkeh 
explanation is that the earliei authors consideied as instances of aneurysm onh 
those cases in which theie was a definite bulging of the \entncle be} ond the general 
contoui of the heait wheieas of late less maiked changes ha\c been so diagnosed 
Even small indentations of the endocaidial wall at the site of an old infarct 
when the epical dial suiface was not involved ha\e been repoited as aneur)sms 
in some senes This seems hardly wari anted Tf such are to he included one 
would sa} that in most instances wheie an aiea of m\omalacia is piesent an 
aneur)sm exists Gubnei and Crawdoid, 20 b} l oentgenok} mogi apluc examination, 
demonstrated that s}stohe expansion of the infarcted aiea takes place in a large 
percentage of cases of coi onai } occlusion Similai obsei \ations ha\e been repoi ted 
after fluoroscopic study by Mastei, Gubnei, Dack and Jaffe 21 It would seem 
better to confine the term “cardiac aneunsm’ to a permanent localized bulging 
or, dui mg systole a well marked localized expansion beyond the contour of the 
lest ot the heart On fluoroscopic examination one sometimes sees a localized 
bulging of the wall during systole which duimg diastole collapses so that the wall of 
the heait is flattened Christian and Fuk 22 lepoited such a case The diagnosis was 
made b\ loentgen examination, but the aneurysm was inconectly located, as autopsj 
levealed that what had been thought to be the aneunsm was the noimal part of 
the ventricle Figuies 4, 5 and 6 illustiate this condition, while figures 1, 2 and 3 
show pennanent localized bulging In consideimg the pulsations of the lentncle 
one would expect that eceiy instance in which a laige part of the nwocardium has 
been damaged w'ould show' bulging during S} stole with marked leveisal of pulsation 
The leason foi this not being so is that it may be pi evented b\ nnual tluombi, 
i eenforcement by strong pencardial adhesions oi by calcification 

Theie is no doubt that roentgen examination is the most impoitant aid in the 
diagnosis of caidiac aneurysm, as changes in the contoui can be as a lule, clearh 
delineated Unfortunately, the most common site foi aneuiysm is the apex, which 
is the position in which the contour can be studied least effectively At this point 
the heait and diaphragmatic shadow's mingle, wdnch tends to obscuie deformities 
of the cardiac contour A diffuse concentnc apex rounding oi a broadened blunted 
apex has been stated to be chaiacteristic These are, howevei, so fiequently seen 
in patients suffering fiom hypertension or aoitic insufficiency, wdnch are relatively 

18 Legg, J W Some Account of Cardiac Aneurysms, London, J S.A Churchill, 1S84 

19 Herrick, J B Clinical Features of Sudden Obstruction of the Coronary Aiteries, 

J A M A 59 2015 (Dec 7) 1912 

20 Gubner, R , and Crawford, J H Am Heart J 18 8, 1939 

21 Master, A M , Gubner, R , Dack, S, and Jaffe, H L Pioc Soc Exper Biol &. 
Med 41 89, 1839 

22 Christian and Frik Klin Wchnschr 1 582, 1922 
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matenals A few obseiveis have discussed the importance of the enteiococci m 
genet al lei ms, ( * but they have presented few specific clinical data It is now 
paiticularly nnpoitant that the clinical significance of the enteiococci be established, 
since these organisms have been repeatedly shown to be almost completely 
lesistant to the bacteriostatic action of sulfonamide compounds 6 7 The use of 
these agents in infections caused by fecal stieptococci may not be followed by a 
satisfactoiy clinical result 

A study was therefoie undertaken m this clinic of hemolytic and nonhemolytic 
stieptococci isolated fiom human clinical materials, modern clinical and biologic 
methods being applied m then classification The detailed results of these 
observations have been desci ibed elsewhei e 8 Of great interest was the fact 
that neaily one half of the stieptococci recoveied from souices other than the 
lespnatory tiact were enterococci 

It is the puipose of this papei to describe the disease piocesses fiom which 
these stieptococci weie isolated, to discuss the results of chemothei apy and to 
define, m general, the place of the enteiococci in clinical medicine 

IDENTIFICATION OF THE ENTEROCOCCI 

The enteiococci occur in the tissues and in culture as lancet-shaped, gram- 
positive cocci, usually in pans oi very shoit chains They resemble pneumococci 
so closely m appeal ance that special studies aie necessaiy to differentiate them 
In liquid mediums giowth is veiy rapid and diffuse On blood agar plates the 
colonies are laige, flat, smooth and gray Beta hemolysis will fiequently be 
present, although the typical Str faecahs is entirely nonhemolytic 

The impoitant biologic chaiactenstics, as desci ibed by Sherman, Cn which peimit 
the identification of the enteiococci aie the ability of these bacteria to grow well at 
10 C and 45 C in the presence of 6 5 per cent sodium chlonde, 0 1 per cent 
methylene blue and a p H of 9 6 and to resist heating foi thirty minutes at 60 C 
The last-mentioned qualification has been most widely applied in the past and is 
now known to be inadequate foi the diffeientiation of the fecal fiom other lands 
of stieptococci 

Piactically all of the stieptococci which fulfil these biologic lequuements will 
be found sei ologically to be members of the Lancefield group D Approximately 
25 per cent of the stiains isolated from human souices will be hemolytic, and 
10 pei cent will be found to liquefy gelatin Foi the puipose of clinical investigation 
it is most piofitable to consider the hemolytic, nonhemolytic and proteolytic stiains 
as members of a very closely i elated group of streptococci lather than as separate 
species, since no difference in the type of disease piocess caused by each vanety 
has been demolish ated 

The technical and statistical details of the biologic and seiologic classification 
of the stieptococci have been described elsewhei e 8 Fiom these observations it 
appears that a stieptococcus which grows well m 6 5 pei cent sodium chloride 
bioth and m milk containing 0 1 pei cent methylene blue may be safely classified 

6 Houston, T Enterococci Proc Second Internat Cong Microbiol , 1936, p 141 
A.schoff, L Ueber den Enterokokkus (Stieptococcus Libman), in Contributions to the 
Medical Sciences in Honor of Dr Emanuel Libman by His Pupils, Friends and Colleagues, New 
York, International Press, 1932, vol 1, p 87 

7 Neter, E (a) The Bacteriostatic Action of Sulfanilamide upon Hemolytic and Non- 
Hemolytic Enterococci, J Bact 40 383, 1940, ( b ) Experimental Observations' on Bacterio- 
static Action of Sulfanilamide and Related Compounds upon Enterococci, with Particular 
Reference to Strains Isolated from Urinary Tract Infections, J Urol 45 241, 1941 

8 Rant7, L A The Serological and Biological Classification of Streptococci from 
Human Sources, T Infect Dis 71 68 (1942) 
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That stieptococu having distinctive piopeities aie nonnalh piesent in the 
contents ot the human bowel and that these organisms may at times be the 
etiologic agents ot infectious piocesses m man was hist emphasized bv Andrew es 
and Hoi dei 1 m 1906, who applied the desuiptne term Sti eptococcus faecalis to 
them Since that time a consideiable liteiatuie has grown up dealing with \anous 
aspects of the classification ot the fecal streptococci and organisms closely i elated 
to them, all of which have come to he included in a loosch defined gioup the 
entei ococci 

Veiy lecentlv the development b) Lancchckl - of a piecipitm technic has 
peimitted a moie satistactoi v classification of the hemolytic sticptococci than had 
pieviousl) been possible and it is now Known that neaih all sei 1011 s human 
mtections, paiticulaily those of the lcspiiaton liact, aie caused b) membeis of 
hei group A 

Sherman has demolish ated that most of the sticptococci of the human bowel '* 
aie sei ologically homogenous and arc membeis of the Lanceficld group D Fuithei- 
moie, he has descubed biologic tests' which peinnl the satisfactoiy classification 
of these streptococci in the absence of seiologic studies and lias pointed out that 
both hemolytic and nonhemolytic varieties occm which are sei ologicallv and 
biologically identical 

In the light of these lecent impoilant obsenations, the intei pi ctation ot the 
eailiei work on the fecal stieptococci becomes difficult, since many of the dif- 
leiential tests used are now known to be umehable This is especiall) tine in 
1 elation to oiganisms isolated fiom and described as the etiologic agents in human 
infections For this leason it is unpiofitable to icview the liteiatuie dealing with 
entei ococcic infections in man othei than to point out that these oiganisms have 
long been lecogmzed to be occasionally the cause of bacterial cndocaiditis and 
to be frequently isolated fiom infections of the uiinaiy tiact No compiehensnc 
descuption of the types of disease pioduced bv fecal sticptococci is available noi 
any estimate of the fiequency with which they may be lecoveied iiom clinical 

From the Department of Medicine, Stanford University School of Medicine 

1 Andrewes, F W, and Holder, T J A Studv of the Sticptococci Pathogenic ioi 
Man, Lancet 2 708, 775 and 852, 1906 

2 Lancefield, R C A Serological Differentiation of Human and Other Groups of 
Streptococci, J Expei Med 57 571, 1933 

3 (a) Rantz, L A , and Keefer, C S The Distribution of Hemolytic Streptococci, 

Groups A, B, and C in Human Infections, J Infect Dis 68 128, 1941 ( b ) Hare, R Sources 

of Haemolytic Streptococcal Infection of Wounds in War and Civil Life, Lancet 1 109, 1940 

4 Sherman, J M The Enterococci and Related Streptococci, J Bact 35 81, 1938 

5 (a) Sherman, J M The Streptococci, Bact Rev 1 1, 1937 ( b ) Giaham, M C, 

and Bartlev, E O Some Observations on the Classification of the Enterococci T Hyg 
39 538, 1939 
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The infectious process was bilateral m 2 instances and unilateial m 4, the same 
latio as foi group A infections The onset m both groups almost mvaiiablv 
occuired after an infection of the uppei lespiiatoiy tract Treatment was instituted 
in all 6 cases on the hist oi second day of illness and consisted of m)imgotom\ 
and use of the ear washes and nose drops No sulfonamide compounds weie 
admimsteied On this regimen 4 patients (66 pei cent) recoveied completely 
m an aveiage of twelve days Fifty-seven per cent of 33 patients with group A 
infections similarly tieated recovered m an aveiage of twenty-five days Two of 
the 6 with enterococcic infections of the ear were treated, after twenty-one da\ s 
of conseivative obseivation, with sulfanilamide, and in the 1 instance in which 
adequate data are available the disease was immediately ai rested Gioup A 
infections similarly treated also responded well, especially if sulfathiazole (2- 
[paiaaminobenzenesulfonamido]-thiazole) or sulfadiazine (2-[paiaammobenzene- 
sulfonamido] -pyrimidine) was the drug used 

One other instance of entei ococcic involvement of the eai has been desuibed 
m detail elsewhere 11 but may be i eviewed at this time 

Ose 1 — An 18 yeai old boy had otitis media and mastoiditis, followed by mastoidectomy 
At the time of operation an epidural abscess was present but not thrombosis of the lateial 
sinus The temperatuie became elevated postoperatively, and culture of the blood showed 
nonhemolytic enterococci Sulfathiazole was administered, and further operative exploration 
revealed another abscess over the temporal lobes of the brain, which was drained Cultures 
of the spinal fluid weie sterile Later several other inti acranial abscesses were evacuated, 
from the contents of each of which enterococci were recovered which wei e similar to those 
isolated fiom the blood The administration of sulfathiazole was continued, and the patient 
eventually recovered, aftei an illness of five months’ duration All of the suppuiative aieas 
were subdural, and none penetrated the brain substance 

There can be no question that surgical drainage of these localized collections of purulent 
material beneath the meninges was necessary for a favorable outcome, and it is impossible 
to evaluate the lole of therapy with a sulfonamide compound in the recovery of this patient 
Sulfathiazole was probably not instiumental in controlling the infectious process during the 
acute phase of the disease when septicemia was present, since improvement followed surgical 
drainage of purulent collections and was ineffective m the subacute stage 

Entei ococci raiely cause pneumonia, sinusitis or pharyngitis, but they 
occasionally aie the etiologic agents in acute suppurative otitis media This 
disease, when due to these oiganisms, usually occuis in infants, m conti ast to 
infections involving stieptococci of group A, which aie most fiequent dui mg eaily 
and middle childhood, at the tune when othei diseases due to hemolytic stiepto- 
cocci aie common 

Entei ococcic otitis media untieated at the onset by a sulfonamide compound 
appears to lesolve moie quickly than do infections caused by membeis of gioup A 
similarly tieated In some cases, howevei, chemotheiapy oi suigical intervention 
is lequued, and 1 has been descnbed m which the initial infection of the ear was 
followed by mastoiditis, sepsis and an abscess of the bram It is believed that 
sulfathiazole did not definitely affect the course of the infection 

Cciidiovctsculai System — Entei ococci aie important m infections of the caidio- 
vasculai system only as etiologic agents m bacterial endocarditis In a recent leview 
of entei ococcic endocaiditis, Skinner and Edwards 12 discovered lepoits of 37 
cases of this disease m the hteratuie and added 2 of then own Descuption of 
the etiologic organisms m most of these cases is so meager that it is impossible 
to detei mine whethei entei ococci, according to the cntena of Sherman,'' 1 v r eie 
involved 

11 Rantz, L A Streptococcal Meningitis, Ann Int Med 16 716, 1942 

12 Skinnei, D, and Edwards, J Enterococcal Endocarditis, Xew England T Med 
226 8, 1942 
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as an enteiococcus foi clinical purposes without lecourse to the moie elaboiate 
biologic and serologic methods All of the organisms isolated from human beings 
which are described m this repoit giew at 10 C and 45 C in the presence of 
6 5 per cent sodium chloride and 0 1 per cent methylene blue Half -were studied 
serologically and demonstrated to be members of gioup D, including neaily all 
of those from souices other than the unnaiy tiact 

SOURCE or MATERIAL 

Enterococci have been isolated fiom \ai ious matenals obtained liom moie 
than 200 persons dui mg this study Adequate observations wcie available in 
145 cases from the clinic sei vices of Stanfoid University Hospitals and ha\e 
been selected for study They aie picsentcd undei several classifications, according 
to the site of the infection, as is show n in table 1 

Respnatoiy Tiact — Extensne studies of the normal floia of the nasophaiynx 
have levealed that hemolytic membeis of group D aie \ciy raielv piesent 0 Non- 
hemolytic varieties aie probably also uncommon 10 No instances of pharyngitis 
or pneumonia have been observed duiing the penod of ohsenation included in 
this report in which enterococci could be defimteh implicated as ctiologic agents 
Hemolytic enteioeocci weie isolated as the predominant oigamsms m 1 case of 


Tadif 1 — Distubuhon of Cases bv Site of Infection 


Source 

Number of Cn*es 

Respiraton tract infection* 

S 

Cardiovascular infections 

r> 

o 

Abdominal Infections 

20 

Urinary tract Infection* 

105 

Miscellaneous infections 

C 

Total 

it:. 


chronic purulent sinusitis of 50 examined Cultuies were positne on four 
occasions over a period of four months No specific therap) otlici than the 
nngation of the sinuses was undei taken 

It is evident that enterococci aie present at times m the nasopharynx, since 
m 6 cases they were isolated in pure cultuie from the pus obtained on the para- 
centesis knife used to perfoi m a myi mgotomy for acute pui ulent otitis media Five 
strains w 7 ere nonhemolytic, and 1 w r as hemolytic That these streptococci w r ere 
the cause of the suppurative process seems definite Duiing the interval in 
which these cases were studied, 53 othei instances of otitis media caused by 
streptococci were observed In eveiy case a member of the Lancefield group A 
w r as isolated Enterococci are therefore responsible for approximately 10 per cent 
of all sti eptococcic infections of the middle eai This fact is of interest and attests 
the greater mvasneness of these oigamsms over that of the other nonhemolytic and 
alpha hemolytic streptococci constantly present in the nasophaiynx 

This enteiococcic otitis media may w r ell be contrasted clinically with the more 
frequent type caused by streptococci of group A All of the patients w r ere infants, 
the average age being 10 months and the exti ernes 4 and 15 months Group A 
infections were observed m children with an average age of 4 5 yeai s, with exti ernes 
of 10 months and 11 years, only 20 per cent being less than 2 years of age 

9 Rantz, L A The Hemolytic Streptococci Observations on the Carrier State in 
the San Francisco Area, J Infect Dis 69 248, 1941 Hare 3b 

10 Safford, C E , Sherman, J M , and Hodge, H M Streptococcus Salivanus, J Bact 
33 263, 1937 
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C \se 3 — A 26 year old man was admitted to the hospital having sufteied chills, fe\ei 
and night sweats for four weeks He had always been well, and there was no previous histoi % 
of any illness resembling rheumatic fever oi heart disease He had had a tooth extracted tw'o 
months before Ins entry to the hospital, after this he had not been entirely w’ell but was it 
w'ork until one month later, wdien he began to suffer from severe night sweats, malaise and 
loss of weight, followed by the development of chills and fever At this time he came 
to the hospital, and his subsequent course is lllustiated in the chart 

On examination he w'as obviously ill and had fevci, but no other abnormalities could be 
discoveied except a soft blowing systolic murmur over the precordium The results of 
oidmar\ r laboratory procedures were within noimal limits, but the first and eleventh sub- 
sequent blood cultures revealed nonhemolytic enterococci Usually about 100 colonies pei 
cubic centimetei w'eie present 

Continuous treatment with sulfathiazole or sulfadiazine associated with pyiotherapy, the 
lattei being administered on sixteen occasions, failed to altei the course of the disease The 
spleen became markedly enlarged and tendei and the right lup and shouldei acutely painful, 
and shortness of breath and precoidial pain appeared The final episode w'as one which simu- 
lated the rupture of an intra-abdominal viscus with the development of an acute diffuse pen- 
tonitis The duration of his illness w r as five and one-half months 

The anatomic diagnosis was subacute endocarditis of the mitral valve (no evidence of 
previous valvular disease), with (a) septic infarct of the spleen (nonhemolytic streptococcic) 

( b ) rupture of the spleen due to infarct, ( c ) acute peritonitis due to nonhemolytic strepto- 
cocci, ( d ) multiple abscesses of the heait, ( c ) septic mfaict of the kidney (no evidence of 
glomerulonephritis) and (/) septic infarct of the brain , 

Case 4 — A 36 year old woman entered the hospital, pregnant and at term, wuth a com- 
plaint of chills and fever for one month Her course in the hospital is illustrated in the 
chart There w'as no past history of rheumatic- fever or heart disease The pregnancy, 
h£r fifth, had proceeded normally until the last month, wdien chills and fever supervened and 
continued until her entry into the hospital without localizing signs or symptoms On 
examination she was found to be febrile and the signs of free aortic regurgitation w'ere present, 
but no other abnormalities could be discovered She was anemic, the hemoglobin content 
being only 55 per cent (Salih), the leukocyte count and the urine were normal, and the 
first and seven later blood cultures yielded nonhemolytic enterococci 

She w'as delivered of a normal baby on the seventh day in the hospital Treatment wuth 
sulfapyridine followed by sulfathiazole did not alter the outcome but was associated with a 
brief return of the temperature to normal Her spleen became palpable and crops of peteclnac 
appeared, but the urine was ahvays normal She died after an illness of two months’ duration 
Ihe important conditions noted at ncciopsy weie subacute endocaiditis of the mitral and 
aoitic valves (no evidence of pievious vulvulai disease) wuth subacute myocaiditis and acute 
focal eaily suppuiatne hepatitis 

In the 3 cases of enterococcic subacute endocarditis just presented the clinical 
couise was not unlike that of similar infections due to the moie common types of 
alpha hemolytic and nonhemolytic stieptococci usually lesponsible ior this con- 
dition Chills, fever, sweats, lieait murmurs, splenomegaly, petechiae and other 
embolic phenomena were legulaily piesent In some important respects, how r e\er, 
the disease w'as different Seveie precordial pam occurred m 2 cases, and repeated 
examination of the urine failed m every case to demonstrate the signs of neplnilis 
so commonly piesent in subacute bacteiial endocarditis 

At neciopsy the obseivations weie distinctive Suppuiative lesions were 
present in the penpheial organs m eveiy case In 1 only the liver w'as invoked, 
m anothei, the myocaichum, spleen, kidne> and biain, and m the third, only the 
spleen In 1 case luptuie of a splenic abscess w'as followed by acute enteiococcic 
pentonitis with death The extent of these lesions appeared to be louglil} con elated 
with the duiation of the illness Suppuration such as this occurs in appi oxnnatel} 
15 pei cent of all cases of streptococcic endocaiditis 15 but is -veiv raie in other 

15 (a) Middleton, W S Streptococcus Viridans Endocarditis Lenta, Am J M Sc 198 
301, 1939 ( b ) Thayei, W S Studies on Bacterial (Infectne) Endocarditis, Johns Hopkins 

Hosp Rep 22 1, 1926 
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Twenty pei cent of the stiams of stieptococci lccoveiecl in cases of bactenal 
endocarditis by Moian 13 weie enteiococci, a value closely appi oxnnated during 
the present study, in which fecal stieptococci were isolated m 3 of 16 instances 
of this disease These 3 cases will now be described in detail and the clinical and 
pathologic obseivations compaied with those m 3 published cases” m which 
definite gioup D enteiococci weie isolated 

Case 2 — A 33 yeai old woman entered the hospital with a complaint of chills and te\ei 
for three weeks Her clinical couise is lllustiatcd in the accompammg chart Attacks of pain 
in the joints with fe\cr had occuued at 14 and 16 yeais of age, since winch time she had 
been know'll to have \alvular disease of the heart 

The onset of chilly and feiei three weeks before the patient’s entri to the hospital followed 
a cold and bronchitis which had pusislcd duiing the pi c\ ions month Immediately, alter die 
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Clinical com sc of 3 patients with cntcrococcic subacute bictcrial endocarditis 

first chill severe pain had developed in the left flank, and latei she lnd many red painful 
sw'ellings of the toes and fingers No pcteclnac were discoveied on phvsical examination 
when she was fiist seen in the hospital, but theic were marked clubbing of the fingers 
and a palpable spleen associated with the frank signs of mitral stenosis and aortic regurgita- 
tion The urine, led blood cell count and hemoglobin were within normal limits, but the 
total leukocyte count was elevated to 18,000 per cubic millimeter Culture of the blood 
gave negative results until the end of the first month in the hospital, aftci which nonhemoh tic 
enterococci were recovei ed on several occasions * 

Sulfathiazole appeared to conti ol the fever but caused cutaneous eruptions The sub- 
stitution of sulfanilamide and later of sulfadiazine failed to alter the couise of the disease, 
• and the patient died, aftei an illness of three and one-half months, until the development of 
severe precordial pain, many petecluae and a very' large spleen 

The anatomic diagnoses were (1) rheumatic endocarditis of the mitral and aortic valves, 
(2) subacute endocarditis of the aortic and tricuspid valves with infectious perfoiation of 
the interventricular septum, (3) infarct of the spleen, septic (nonhemolytic streptococcic), and 
(4) infarct of the kidney (no evidence of focal or diffuse glomerulonephritis) 

13 Moran, H Classification of Streptococci from Cases of Endocarditis, Pioc Soc Exper 
Biol & Med 38 805, 1938 

14 Williams, C Bacterial Endocarditis Due to the Streptococcus Fecahs Am Heart T 18 
753, 1939 Skinner and Edwards 12 
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The pus obtained fiom 1 patient with an ischioiectal abscess contained many 
coagulase-positive staphylococci and hemolytic enterococci Rapid healing occuried 
aftei suigical diamage and administration of sulfatlnazole The effect of chemo- 
therapy could not be evaluated On several occasions enterococci uere isolated 
fiom operative wounds contaminated with fecal contents Coliform bacilli were 
also piesent 

The natuie of the infectious process leading to death in cases of acute pentomtis 
does not appear to be clearly defined Observations made during this study aie 
of intei est m this respect Cultures of blood from the heait have been made m 8 
instances of abdominal infection following perforation of some part of the gastio- 
mtestmal tract In 3 cases the blood was stenle, Pioteus vulgaris was recovered 
in pure culture m 1, and enteiococci were isolated m each of the others, twice m 
association with other organisms In the 2 last-mentioned cases, cultuie of the 
pentoneal exudate revealed the same bacteria as were recoveied from the heait’s 
blood 

None of the patients fiom whom enterococci weie obtained lived moie than 
seventy- two houis after the onset of symptoms of peiitonitis No cultures of the 
blood were made during life, and none of the patients leceived therapy with a 
sulfonamide compound 

Enterococci aie constantly piesent in the normal bowel and aie therefoie fre- 
quently recovered in cases of infections of the peritoneal cavity and associated 
organs, especially when a dnect communication with the lumen of the intestine 
has been established They aie found, usually m association with other organisms, 
as the etiologic agents in many cases of acute peritonitis It is of interest that 
cultuies of blood fiom the heart in 8 instances of this disease revealed enteiococci 
in 4 If it can be shown that the terminal events m fatal peritonitis aie frequently 
associated with a generalized invasion of the body by enteiococci, either alone oi 
with other organisms, the lationale of either local oi systemic treatment with 
sulfonamide compounds in such cases becomes less cleai, since these oigamsms 
are exceedingly lesistant to the action of these chemicals 

Antemortem and postmoitem cultuies of blood and of peritoneal exudate m 
cases of acute infections of the abdomen aie of great unpoitance foi the puipose 
of establishing the natuie and extent of the infectious processes in fatal and in 
nonfatal cases 

Infections of the Unnaiy Tiact — A recent study 19 of the mines of 650 patients 
m the medical v, ai ds of this clinic l evealed that sti eptococci could be isolated from 
14 per cent of them and that 27 per cent of these oigamsms weie enterococci A 
report by Poich 20 also indicates the frequency with which fecal sti eptococci may 
be lecoveied fiom this souice 

A geneial unpiession is obtained from pievious descnptions 21 of infections 
of the unnai y passages that streptococci aie usually lesponsible for mild disease 
of these oigans, and this view is supported by observations previously made in 
this clinic 19 It appeal ed at that time that the enterococci might cause a more 
severe infectious process than the other streptococci The large number of ai tides 7 

19 Rantz, L A Urinary Tiact Infections, in Steele, J M , and others Ad\ances in 
Internal Medicine, New York, Interscience Publishers, Inc, 1942, \ol 1, p 137 

20 Porch, M L A Bacteriological Stud* of Streptococci Isolated from the Urinar\ 
Tract, J Bact 41 485, 1941 

21 Culver, H The Importance of the Streptococcus in Gemto-Urinary Diseases, J A 
M A 103 635 (Sept 1) 1934 Heckel, N J , Jensen, L B , and Wood, I H Streptococcal 
Infections of the Gemto-Urinary System, Urol & Cutan Re\ 40 564, 1936 Cabot, H 
Modern Urology, Philadelphia, Lea & Febiger, 1936, p 513 
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than those instances in which enteiococci aie the cause 10 Furthennoic, no evidence 
of focal or diffuse glomerulonephntis was discoveied at neciopsy, also an unusual 
observation 15a 

In 2 ot the 3 instances, no undei lying congenital oi lheumatic abnoi mahtics of 
the heart valves weie discoveied Repeated senes of obsei vations 15 have shown 
that in 80 pei cent of all cases of subacute bactenal cndocaiditis some pieexisting 
damage to the endocaidium is associated A leview of the 3 pieviously described 
cases of definite enteiococcic endocaiditis show's that in 1 the disease was established 
on a noimal valve, in anothei extensive penpheial suppuration was piesent, leading 
to lupture of the spleen and fatal peritonitis, and m a third extensile amyloidosis 
was discoveied In none was a focal or diffuse glomei ulonephntis obsened 

Wallach has pieviousl)’- emphasized 57 the frequency with which suppurative 
mfaiction may occui in enterococcic endocaiditis and has also described focal 
myocardial lesions associated with cardiac failuie These appear to be no moie 
than a vaiiation of the generalized suppuiative piocess, since m 1 of the cases 
descubed m this lepoit fiank mvocardial abscesses weie found 

It is possible to say, m summaiv, that enteiococcic endocarditis piobabl) tends 
to occur m pei sons with noimal lieait valves moie fiequentl) than do other foims 
of streptococcic infection of the endocaidium Suppmation m the mjocaidium 
and m the oigans penpheial to the lieait occurs uniquely in enteiococcic endo- 
caiditis and has twice led to splenic luptuie and fatal peritonitis Focal and diffuse 
glomei ulonephntis have been conspicuous by then absence 

Fiorn the standpoint of therapy, sulfonamide compounds and aitificial fever 
have been notable failuies In no case was the blood stenh/ed In 1 instance ot 
tricuspid and aoitic involvement, ulceiation thiough the intiaventncular septum 
appaiently occui red during tieatment 

Abdominal Injections — The piesence ot entciococu in gieat numbeis in the 
feces suggests that these organisms should be intimately associated with mam 
infectious piocesses originating in the peritoneal cavitv and its associated organs 
No duect published evidence is available w Inch is peitinent, since specific diffei- 
ential tests have not been applied to the nonhemolytic stieptococci frequently isolated 
from infections in and about the abdomen It has been pointed out, however that 
stieptococci may be leadily isolated fiom about 25 pei cent ot the puiulent fluids 
obtained from patients with peritonitis following luptuie of the appendix 18 

Dui mg the present study enteiococci weie isolated iiom several intia-abdomiiial 
souices On 5 occasions they weie obtained from peiitoneal exudates, twice m 
pure cultme Periarteritis nodosa, acute ulcerative ententis and hemolvtic jaundice 
weie the piedisposing diseases leading to pentomtis m 3 cases, and in 2 it followed 
operative lupture of the laige bowel oi bladder No blood cultmes were pei- 
formed befoie oi aftei death All but 1 of the patients died The one surviving 
was treated foi seven days with sulfanilamide without its affecting the couise ot 
the disease She finally lecovered aftei diamage of an abscess in the cul-de-sac 
Nonhemolytic enteiococci weie isolated m association with colon bacilli 
(Escherichia coh) from the bile of 2 pei sons with acute cholecystitis and cholan- 
gitis Both lecovered aftei surgical intervention, with lemoval of stones m 1 and 
release of occlusive adhesions aiound the common duct m the othei The lattei 
patient was twice exploied surgically, and the bactenal floia of the bile was similai 
on the two occasions, one year apait 

16 Rantz, L A Unpublished data 

17 Wallach, K Subacute Enterococcus Endocarditis, J Mt Sinai Hosp 1 80, 1934 

18 Altmeier, W A The Bacterial Flora of Acute Peiforated Appendicitis with Peri- 
tonitis, Ann Surg 107 517, 1938 
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he had taken 12 Gm The results of physical examination on the patient’s entiy weie not 
remarkable except foi tales at the bases of the lungs and marked enlargement of the piostatc 
The renal pelves were lavaged for the purpose of dissolving the probable sulfapyridine calculi, 
and cultures of mine from this source showed many hemolytic enteiococci After this 
operation he began to void, but transient enterococcic bacteremia appealed Many pus cells 
and organisms weie piesent in the urine at all times He recovered from the acute attack 
aftei a febrile illness of about three weeks without the use of chemotherapy, but the urine 
was nevei sterilized 

Case 6 — A 46 yeai old diabetic woman entei ed the hospital with acidosis, the cai bon 
dioxide-combining power being 40 volumes pei cent Innumeiable white cells were present 
in the urine on admission, but the tempei atui e was noi mal An acute febrile episode supei vened 
on the fifth hospital day, at a time when her acidosis was well controlled Pain in the flank 
was absent, but the unne contained many pus cells and 10 million hemolytic enteiococci pei 
cubic centimetei 

An inlying catheter was inserted, and she made an uneventful ieco\eiy after a febnle 
illness of three weeks’ duiation Sulfanilamide was administered ovei a ten day interval in 
large doses but entirely failed to modify the course of the illness Since that time she has 
had repeated episodes of infection of the urinary ttact Colifoim bacilli w^eie usually the 
etiologic agents, but enteiococci also -were always present 

Case 7 — A 75 yeai old woman entered the hospital suffering from daily chills and fevei 
foi three weeks in association with generalized abdominal pain Physical examination revealed 
only moderate tenderness in both lateral aspects of the abdomen and a temperature of 104 F 
(40 C ) The urine contained an immense numbei of pus cells and nonhemolytic enteiococci 
The leukocyte count was 22,000 pei cubic nnllimetei 

Her tempei atuie lemained elevated for seven days and letuined to nonnal by lysis 
Sulfathiazole was administered foi seven days after the tempei atuie w'as noimal, and duiing this 
tune the urine became sterile She made a complete and uneventful lecovery 

Case 8 — A 17 year old gill w^as deliveied of a normal child at teim aftei a prolonged 
and difficult laboi An eight day febnle episode followed this and was associated with the 
appearance of huge numbers of pus cells and hemolytic enteiococci in the urine Uneventful 
lecovery occurred and the urine returned to normal without special therapy 

Case 9 — A 59 yeai old woman whose left meter was cut during an operation foi 
lesection of the lectum had a prolonged febrile postoperative couise during which nonhemoljtic 
enteiococci and pus cells ware present in the mine in large numbei s She eventually lecoveicd 
but sulfathiazole in adequate dosage failed to influence the course of the disease 

Factois Piedisposmg to Infection All of the males and two thuds of the 
females in whom active infectious piocesses weie piesent showed evidence of 
obstruction oi mechanical manipulation of the unnai y passages or suffered fiom 
anothei disease which piedisposed to infection of these oigans Piostatic hypei- 
tiophy was demonstiated in 10 men, coid bladdei m 2. inlying catheter in 1 and 
heait failuie and diabetes each in 1 Eight of the infections in women followed 
postoperative cathetenzation , m 3 the infection w^as associated with seveie caidiac 
failuie, m 2 with lenal stone m 2 with diabetes and m 3 wuth othei senous gen- 
eialized infections 

Results of Theiapy Twenty-seven of the gioup of patients with infections of 
the uiinaiy tidet undei discussion leceived tieatment until sulfonamide compounds 
Foi 8 no cultuie was made before tieatment was begun, 13 w^eie found to ha\e 
a mixed bacteiial flora m the uime m association with enterococci, and 6 had the 
lattei oiganisms piesent m puie cultuie Neaily all of these 27 peisons iecei\cd 
Horn 4 to 6 Gm of sulfathiazole oi sulfadiazine a da) foi se\en or moie days A 
few w'eie tieated with sulfanilamide At the end of the period of chemotheiapv 
entei occoci could still be ieco\eied fiom the mine, usually in immense numbei s 
In 1 instance the mine was stenle 

Othei bacteria which had been piesent befoie tieatment had, in every case 
disappeaied It is of the gieatest impel tance to point out that dm mg the progiess 
of chemotheiap) in these cases all sjmptoms of infection of the urinary tract wane 
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describing the extieme resistance of these oigamsms to sulfonamide compounds 
m vitro suggests that then eradication fiom infected mines is an impoitant problem 
m urologic practice but no adecpiatc descnption ol enteiococuc infection of the 
ui inary tract has been discoveied 

Membeis of this gioup of stieptococci have been isolated from the mines of 
105 persons dm mg this stud) The data on 58 of these will now be considered 
in detail The otheis have been eliminated, since then urines contained less than 
500 bactena pei cubic ccntimetei It was hoped that a more clcaicut evaluation 
of the true importance of the fecal stieptococci in infections of the urinary tract 
might be obtained In eliminating these examples of minimal oi questionable 
infection 

Table 2 piesents ceitam peitinent data in legate! to these patients and the 
oigamsms isolated fiom then mines It will be obsened th.it approximate!) one 
thud of the diseased persons weie males that the streptococci occurred m pure 
cultuie m 58 6 per cent of the cases and mixed with colon bacilli in 22 4 per cent 
and with staphylococci m 17 3 pei cent and that 27 6 pei cent of these persons 
harboied hemolytic and 13 8 pei cent pioteol)tic enteiococci 

Insufficient chfteience m the t)pe of disease caused In the fecal streptococci in 
infections of the male and of the female urmai) tiact exists to justif) the descnption 


Table 2 — Culluial Obsavations on Entci ococci Isolated from tlic Unite 
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of the findings in the two sexes sepaiatel) The average age of 21 males fiom 
whose urines significant numbeis of enteiococci w r eie isolated was 55, that of 
females was 39 

The Infectious Piocess Foi the purpose of this stud) infection of the uiinan 
passages was considered to exist only if dysuiia, fiequenc) of initiation duiing the 
day, pain in the flank oi back and fevei were present in some combination in 
association with the presence of abnoimal numbeis of pus cells in the urine The 
application of these catena to the group of patients undei discussion reveals that 
m 6 males and 12 females, 31 per cent of the total group, no evidence of infection 
of the urinary tract could be demonstrated Enteiococci w r eie isolated in puie 
culture from the urines of 17 of these patients 

Eight males and 10 females suffeied from t)pical cystitis without evidence of 
renal involvement In the mines of two thirds of these patients other oigamsms, 
usually cohform bacilli or staphylococci, w r eie piesent m the urine m association 
with the enteiococci 

Six males and 15 females piesented signs, such as fevei and pain m the flank, 
which indicated the piesence of pyelonepln itis In only 5 of the 15 cases were 
enterococci the sole organisms isolated fiom the mine A bnef descnption of these 
examples of appaiently definite invasion ot the kiclnei b) fecal stieptococc is 
pertinent 

Case 5 — A man of 65 was admitted to the hospital with a history of chills and fevei 
for ten days Sulfapyridine had been admimsteied elsewhere, and total amnia developed after 
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COMMENT 

The enterococci form a gioup of hemolytic and nonhemolytic stieptococci of 
special biologic and seiologic piopeities whose normal habitat is the human bowel 
They are exceedingly lesistant to the bactei lostatic action of the sulfonamide 
compounds 

Recent obseivations have shown that these oigamsms aie more frequently 
isolated fiom human clinical souices, other than the respiratory tract, than am 
vai lety of sti eptococci The study desci ibed here was an evaluation of these 01 gan- 
lsms as a cause of infections m man 

It has been shown that fecal streptococci aie infiequently lesponsible foi disease 
of the respnatory tract, but 7 instances of otitis media have been observed in which 
these bactei la were etiologicallv imohed The disease is different fiom the usual 
sti eptococcic infections of the ear in that it occuis in infants and appeals to have 
a shortei and milder couise A pecuhai localized subacute meningitis associated 
wuth sepsis developed in 1 adult patient 

Enteiococci are lesponsible for appi oximatelv 20 pei cent of all cases of sub- 
acute streptococcic endocarditis The clinical couise of the infection in these cases 
lesembles that caused by the more frequently isolated types of streptococci, but 
certain diffeiences are apparent The normal heart is moie likely to be affected, 
and renal lesions aie uncommon Suppuiation in the heait muscle and m oigans 
penpheral to the heart piobably occuis uniquely m enterococcic endocarditis The 
administration of a sulfonamide compound does not sterilize the blood oi affect the 
final outcome in these cases but may cause the tempeiatuie to return to noimal 
foi a brief penod 

Enteiococci, usually m association wnth cohform bacilli, aie a common cause 
of peritonitis and othei infections in and about the abdominal cavity This is 
especially true if peifoiation of the gasti ointestmal tract has occurred The 
presence of fecal streptococci in the heait’s blood post mortem in several instances 
of peritonitis indicates that sepsis due to these organisms may often occur Their 
lelationship to fatal outcome in cases of acute infections of the abdomen should 
be furthei studied 

Culture of the mine frequently re\eals that enterococci aie piesent in veiy large 
numbers In many instances no evidence of infection can be discoveied When 
it is, othei oigamsms are usually associated with the stieptococci Treatment with 
a sulfonamide compound lesults m elimination of bactei la othei than the entero- 
cocci and disappeai ance of all signs of active disease These observations demon- 
strate the very slight mflammatoiy properties of the enterococci in 1 elation to the 
urinary passages Occasionally this gioup of organisms does cause cystitis or 
pyelonephi ltis, and these infections are remarkable principally because of their 
failure to lespond to sulfonamide compounds 

The results of this study indicate that the enterococci are bactei la of relativel} 
low' virulence and mvasiveness but that they are not infrequently responsible foi 
serious local or geneiahzed infections Hemolytic enterococci may be readily con- 
fused with the important members of group A if methods of identification are not 
pi ease The nature of the infectious process and the lesponse to theiapy of disease 
caused by the two gioups of organisms aie not the same, so the importance of 
accurate differentiation between them is obvious 

Furthei clinical information of importance will probably be obtained as biologic 
and serologic study of the streptococci is widelj applied and more examples of 
enteiococcic infection aie discoieied and described 
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lelieved and the mine became fiee of pus cells m neatly eveiy instance, e\en though 
many enterococci could still be isolated 

Mandehc acid was admimsteied to 3 of these persons and lesulted in a piompt 
sterilization of the mine in 2 

Comment on Infections of the Unnaiy 1 lact The previoush lecoided obser- 
vations indicate that enterococci can be isolated m significant numbers from the 
mines of ceitain eldeily men and middle-aged women V ery often no evidence 
of an infection of the unnaiy tiact is demonst table, and in such cases the enteiococci 
aie almost always piesent in puie culture 

In ceitain instances cystitis or p)elonephnlis is piesent, and in most of these 
cases othei oiganisms aie recoveted fiom the mine in association with the entero- 
cocci In such cases if a sulfonamide compound is given the bacteria other than 
the streptococci usually disappear, the lattci then lemain in enormous numbteis 
In spite of this fact pus cells aie absent fiom the mine and all symptoms have 
disappeared 

All of these obseivations indicate that the presence of enterococci in the unnaiy 
tiact does not m most cases pioduce inflammation, symptoms usually being caused 
by the presence of associated staphylococci and colifoim bacilli 

Tieatment with a sulfonamide compound piactically nevei causes sterilization 
of the urme when enteiococci are piesent, but mandehc acid may do so Since the 
piesence of the stieptococci does not always cause definite disease and since the 
mines of seveial of the patients alieady described became stenle spontaneously, 
there seems to be little indication foi the specific therapy of enteiococcic bacterium 
in the absence of signs of infection 

On a few occasions fecal streptococci were the cause of c}stitis and pjelo- 
neplmtis In these instances the disease piocess was sinulai to that in which ether 
oiganisms aie the etiologic agents A difference was the failmc of some of these 
patients to respond to tieatment with a sulfonamide compound with the usual 
piompt sterilization of the urine 

Mandehc acid should be valuable for the tieatment of enterococcic cystitis 
Because the limitation of fluids neccssan to the administration of this ding is 
dangerous if pyelonephritis is piesent, onl) symptomatic theiapv, including the 
ingestion of large v olumes of fluid, should be undei taken in cases in w Inch entero- 
coccic infection oi the kidney has occuned 

Miscellaneous Injections — Nonhemolytic enteiococci w r ere isolated in piue cul- 
tuie from material obtained from the mtei 101 of the uterus in 2 cases of puerperal 
fever One patient had a noimal laboi , the other, an incomplete aboition One 
w^as treated with sulfanilamide, the othei, with sulfatlnazole Both recovered 
uneventfully after febrile illnesses of thiee days' duration Neither appeared to 
be seriously ill at any time The etiologic role of the stieptococci in these 2 
instances of postpartum fevei cannot be definitely determined, but it seems pi obable 
that they weie lesponsible foi the infectious process 

Cultures of material obtained from 3 ulceiative lesions of the skin, 1 syphilitic 
and the others tiaumatic m oiigm, revealed nonhemolytic enteiococci and staphylo- 
cocci The streptococci aie to be legarded as probable contaminants of no great 
significance 

Hemolytic enterococci and colon bacilli w^eie lecovered from pus aspnated 
from the right shouldei joint of an eldeily man with colon bacillus bacteiemia and 
aplastic anemia At some time streptococci must have also been present in the 
blood, but they had disappeared when cultuies weie first made He made a good 
tecoveiy after surgical diamage of the affected joint without chemotherapy 
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A distui bance m the respnatoi} function is the outstanding clinical featuie 
of heait disease Respiration and cn dilation seive a dual puipose in supplying 
oxygen to and lemovmg carbon dioxide fiom the tissues When the circulation 
fails lespiration is stimulated as a means of compensation By measuring the 
extent of this stimulation, the degiee of ui dilatory failuie may he estimated The 
oidmaiy methods of measuring lespnation are unsatisfactory, the volume of an 
breathed must be measured in relation to the oxygen absorbed 01 the caibon dioxide 
pioduced It has been shown that determination of the concenti ation of caibon 
dioxide in the expired an is a simple and lnghlj accurate means of measuring 
respn ation 1 It is lemaikabl) constant in laige gioups of subjects and shows 
little vanation between the sexes 01 with wide diffeiences in age 

D)spnea is a common complaint in hyperthyi oidism and m obesity, whethei 
the heait is abnoimal 01 not Hyperthji oichsm and obesit) fiequently occur in 
conjunction with heait disease and make the mtei pretation of dyspnea moie difficult 

the volume or respiration in hyperthyroidism 

In hyperthyi oidism theie is a gi eater demand for breathing Howevei, if the 
mciease in the volume of lespnation is propoi donate to the mciease m metabolism 
the concentration of carbon dioxide m the expired an should remain constant 
This study is based on 366 consecutively observed patients with hyperthyi oidism 
As with the gioup with noimal metabolism, patients with known abnoim.ihtj 
affecting lespnation iveie excluded In table 1 the gioup with hjpeithyroidism 
is compaied with the gioup with noimal metabolism 

In hypeithyroidism the concenti ation of carbon dioxide in the expued an is 
lelatively constant With joiogiessive elevation of the basal metabolism there is 
a slight but definite downward trend in the caibon dioxide piessure in both sexes, 
at its maximum m the veiy toxic gioup the difference is only about 3 5 pei cent 
This clowmwaid tiend may lesult from some impaiiment m the efficienci of the 
circulation m tachicaicha, fiom a mild acidosis oi from the slightly higher aieiage 
bod) temperature m hyperth) i oidism However, fiom the clinical standpoint, it 
is the stuffing constanc) ratliei than the small variation wflnch is most impressive 
The couise of a numbei of patients with seveie hypeithyroidism has been followed 
tin ough wide langes of basal metabolism with only small fluctuations in the paitial 

s Fiank Mehille Fellow in Cardiology 

Trom the Diwsion of Cai diology Department of Medicine, and the Respiration Laborator\ 
New York Post-Graduate Medical School and Hospital, Columbia Uimer sit\ 

1 Bo\er, P K, and Bailei, C V Concentration of Carbon Dioxide in Expued \ir 
Arch Int Med 69 773 (Maj) 1942 
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SUMMARY AND CONCLUSIONS 

The enteiococci fonn a group of hemolytic and nonhemolytic stieptococci ot 
unique biologic piopeities and aie membeis of the Lancefield group D 

Enterococci are exceedingly resistant to the bacteriostatic action of sulfonamide 
compounds 

Enterococci aie moie frequently isolated fiom human clinical sources, othei 
than the iespiratory r tract, than any r othei streptococci 

Enteiococci have been demonstiated to cause otitis media, endocaiditis and 
infections of the abdomen and of the unnary tract 

The natuie and couise of these infections ha\c been descnbed 

2361 Clav Stieel 
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THE VOLUME Or RESPIRATION IN HEART rAILURE 

In patients with caicliac disease dyspnea has been attributed to an mciease m 
ventilation in the piesence of a reduction in vital capacity 2 3 4 5 6 In 1897 Kiaus" 
obseived a deciease in the concenti ation of carbon dioxide m the expned air 
Knipping and Monci left 1 and McMichael J demonstiated that noimally ventilation 
is pi opoi donate to the amount of oxygen consumed and to the amount of caibon 
dioxide pioduced and used these latios as a means of measuimg the mci eased 
ventilation m heait disease The hypeipnea of heait disease can be measuied 
accuiately by the concentration of caibon dioxide m the expned an undei basal 
conditions 

THE RELATION OF VENTILATION TO THE DEGREE Or CARDIAC FAILURE 

For this study 138 patients with heait disease weie examined undei basal 
conditions Most of these patients had been followed foi some time m the caidiac 
disease clinic, and the diagnosis had been well established by the loutme analysis 
of the histoiy, physical examination and fluoi oscopic, loentgenogiaphic and electio- 
caidiogiaphic studies and any othei laboiatoiy pioceduies indicated Other patients 
weie selected from the hospital waids, wheie the same pioceduie was followed m 
establishing a diagnosis The patients weie classified accoidmg to functional capac- 
ity, depending on the clinical impiession pnor to the measuiement ot the volume 
of respn ation They were placed in the foui classes lecommended by the New 
Yoik and the Amencan Heait Association c 

Functional Classification af Patients with Caidiac Disease 
Class I Patients with cardiac disease and no limitation of physical activity 
Class II (foimerly IIA) Patients with cardiac disease and slight limitation of 
physical activity 

Class III (formerly IIB) Patients with caidiac disease and maiked limitation 
of physical activity 

Class IV (formerly III) Patients with cardiac disease who aie unable to cany 
on any physical activity without discomfoit 

No attempt w^as made to select heait disease of any particulai type, and the entne 
gioup includes a geneial cioss section of patients with caidiac involvement, the 
ctiologic and functional distribution is shown in table 3 The hypei tensive group 
includes hypei tensive patients both with and without demonstrable aitenosclerosis 
The artenosclerotic gioup all had essentially noimal blood piessure 

In table 4 the aveiage ventilation is expressed as the paitial piessuie of caibon 
dioxide m the expned an and also as the peicentage of hypei ventilation above 
the amount noimally expected A small numbci of class I caidiac patients had 

2 Peabody, F W , and Wentworth, J A Clinical Studies of Respiration IV The 
Vital Capacitj of the Lungs and Its Relation to Dyspnea, Arch Int Med 20 443 (Sept ) 
1917 Peabodj', F W , Wentworth, J A , and Barker, B I Clinical Studies of the Respira- 
tion V The Basal Metabolism and the Minute Volume of the Respiration of Patients with 
Cardiac Disease, ibid 20 468 (Sept) 1917 Harrison, T R , Turley, F C , Jones, E, and 
Calhoun, J A Congestive Heait Failure X The Measurement of Ventilation as a Test of 
Cardiac Function, ibid 48 377 (Sept ) 1931 

3 Kraus, cited by Fishberg, A M Heait Failure, Philadelphia, Lea & Febiger, 1937 

4 Knipping, H W , and Moncrieff, A The Ventilation Equivalent foi CKi gen, Quart 1 
Med 1 17, 1932 

5 McMichael, J Hyperpnea in Heart Failure, Clm Sc 4 19, 1939 

6 New York Heart Association, Cnteua Committee Nomenclature and Criteria for 
Diagnosis of Diseases of the Heart, ed 4, New York, New York Tubciculosis and Health 
Association, 1939, pp 72-73 
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piessuie of caibon dioxide in the expued an When hypenentilation does occui in 
pei sons with hjpeithyioidism, it has essentially the same significance as in peisons 
with noimal basal metabolism 

THE \ OLUME OF RESPIRATION IN OBES1 1 \ 

Foi this study a senes of 657 women aged 15 to 59 yeais was selected fiom 
the gioup with normal basal metabolism 1 The subjects weie chosen aibitranly 
on the basis of the percentage of the actual weight in excess of the ideal w-eight 
calculated fiom standaid height and weight tables These subjects aie grouped 
in relation to the noimal iemale standaid m table 2 


T vbt c 1 — The Influcmc of IIvpci thyi ordivn on the Com cull ation of Caibon Dioxide 

ui the Ex paid In 





COn Ten c lon of I \plred Vlr 


Bas il ‘Metabolism 

Number of 
Subject 1 : 

Mean Value, 
.Mm Hg 

Standard 
De\ Intion 

Coeflleient of 

1 niiation 

Probable Error 
of Mean 



Females 




Normal range 

1 CIS 

20 01 

3 SS 

00, 

-t-o oor 

+10 to J -24 

170 

19 SO 

1 29 

0 50 

±0 0GG 

-t- 25 to +40 

ss 

]0 43 

3 30 

G 70 

±0 094 

-50 and o\ er 

21 

10 2S 

3 tl 

G SO 

±0 is 



Males 




Normal range 

405 

20 'l 

1 11 

713 

rrO 04S 

-10 to a- 24 

31 

39 01 

3 ri 

S 24 

±010 

-■-35 and oicr 

44 

10 01 

2 00 

10 20 

±020 


Table 2 — The Influence of Obesity 

on the Concenti ation of Carbon Dioxide 
Expued An 

m the 




CO. Tension of Expired Ur 



Number of 

r 

Moan nine, 

Standard 

Coeflleient of Probable Trror 


Subjects 

Mm Hg 

Dea Intion 

Variation 

of Menn 

All females 

1 G13 

20 01 

1 3S 

G 93 

±0 0023 

O\om eight 10 to 39% 

393 

20 07 

3 39 

G 91 

±0 0G7 

Overweight 20 to 39% 

257 

20 03 

1 42 

7 30 

±0 0G0 

0\ erweight 40 to 59% 

122 

20 1G 

1 35 

0 70 

~M) OSo 

Oa erweight GO to 79% 

4G 

20 25 

1 07 

S 23 

±0 1GG 

0\ era eight SO to 1SJ7 0 

34 

20 S4 

1 33 

7 35 

±0 177 


The breathing of these obese women so closely paralleled then metabolism that 
the concenti ation of carbon dioxide m the expired air lemamed neaily constant 
In the extiemely obese subjects, including a number of enormous peisons, the 
partial pressuie of caibon dioxide in the expued an was appreciably higher, which 
indicates a reduction in breathing pioportionate to pioduction of carbon dioxide 
Thiough the remaining subgioups there appeals to be a very slight tendency to 
underventilation as obesity piogressed We do not at present have an explanation 
to offer foi this observation It may be associated with the tendency to elevation 
of blood piessure in obese subjects The actual weight of these subjects may in 
itself have tended to obstiuct and depress respn ation mechanically Possibly 
the tendency to somnolence m obesity was a factoi Howevei, as with tanations 
in sex, age and basal metabolism, the constancy of the paitial piessuie of carbon 
dioxide m the expued an is the most striking feature 



BOYER-BAILEV— CARBON DIOXIDE IN EXPIRED 'UR 


about an equal amount foi comparable degiees of failure It is intei esting to note 
that the relation of types of disease within a functional class stands in the same 
order in all three gioups, namely, hypertensive, rheumatic and aiteriosclerotic 
This sequence may arise from mere chance selection in this relative!} small series , 
its consistency thioughout all three classes suggests that it may he significant 
It seems reasonable that such qualitative dififeiences should exist between the 
types of heait disease In all probability the blood flow thiough the biam is 
most effectively maintained with an elevation m systemic blood piessuie and 
least effectively maintained when aitenosclei osis is present without hypei tension, 
i heumatic heart disease falling betw een the two 

Pain lathei than dyspnea is the ciitenon accouhng to which anginal patients 
aie •usually classified It might be expected that when at lest and without pain 
these patients would have noimal caidiac function Only a small gioup of patients 

Tabic 6 — Ventilation in the Anginal Synch ome 


Mean Tension of CO 2 in llie Expired \ir * 

/ K — \ 

Class II Cla«s III 

All patients with cardiac disease 18 53 (61) 15 87 (42) 

Patients with angina 18 47 (8) 1562(6) 


* Tension in millimeters of meicuiv, number of subjects m parentheses 


Table 7 — The Ventilation Response to Digitalisation in the Puncipal Types of Heait Disease 

and of Rhythm 


Mean Tension of CO 2 in the Expired Air 

A 


Type of Disense 

Number of 
Patients 

Before 
Digitalis, 
Mm Hg 

After 
Digitalis, 
Mm Hg 

Percentage' 

of 

Improvement 

Rheumatic 

5 

13 53 

17 23 

27 5 

Hypertensive 

*■> 

J 

14 GO 

10 82 

14 7 

Arteriosclerotic 

7 

14 32 

16 27 

13 6 

Type of Rhythm * 

Regular rhythm 

5 

1°> 04 

15 33 

17 6 

Auricular fibrillation 

9 

li 73 

17 29 

17 1 


* Ono patient, in whom comcrsion to regular rln thin occurred during digitalization, is not included 


( 14 ) with the anginal syndiome have been examined 111 0111 classified senes 
In table 6 these have been compaied with other patients of the same functional 
class It appears that even at rest without pain the anginal patient does not hate 
normal cardiac function Although these patients complain chiefly of pain, the 
piominence of this symptom may mask the dyspnea Piobably 111 all cases of 
ai tei losclerotic heart disease both pam and dyspnea are pi esent in relatn c degrees 

THE RESPONSE OE PATIENTS WHIII CARDI \C DISEASE 
10 DIGITAI IS THERAPY 

Fifteen patients wuth vaiymg degrees of caidiac failuie were examined befoie 
tieatmcnt and one 01 moie times during the course of digitalisation The lesults 
aie shown in table 7 and 111 the cliait Ventilation was reduced in all cases 
Tmpiovement in the patients with rheumatic heart disease was more striking than 
m those with h}pei tension or artenosclei osis . age is the probable factor Impro\c- 
ment in patients with a regulai rlnthm is about the same as in those with auricular 
fibi illation 
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concentiations of caibon dioxide in the expned an -within the nonnal lange Ot 
the 61 class II patients with caidiac disease, only 6 had caibon dioxide tensions 
at oi above 20 mm of mercuiy, while 17 had concentiations defimtel) below the 
tange of nonnal The aveiage foi the entne gioup shows a significant tendencj 
to hyperventilation It is intei estmg that this should be true of patients who arc 
supposed to hate onl) slight lestnction in functional capauti It is all the moie 
impiessive since these measuiements weie made nuclei basal conditions when these 
patients had no feeling ot dyspnea whatsoevei In this series none of the patients 
in class III oi class IV had carbon dioxide piessuies within the normal range 
Fiom gioup to gioup, as the caidiac functional capacity became piogressneh 


Tam i 3 — Disti ibittwn of Patunts 


Etiologic Classification 

Claes 11 

Cla cc III 

Class II 

Congenital 

O 

O 


H> pertensne 

11 

1C 

10 

Rheumatic 

> 

10 

11 

Irtcriosclerotic 

11 

1C 

"} 

Subacute bacterial endocarditis 


1 


Sjphilitic 



1 

Ilj pertensne with renal complications 



5 

Total 

Cl 

15 

„2 


Table 4 — Ventilation 

in Patients with Cardiac Disease Gtoupid 
Capacity 

Accoidimj to 1 unctional 



COc Tension of Evpired 

Air 


r 

Number of 

.Mean \ alui , 

Range 

Ac crage 


Subjects 

Jim Hg 

Jim 11 g 

Hipcrpnen 

Xorrnal 


20 00 

22 50 IS CO 


Class II 

G1 

IS 05 

21 17 1G .,1 

7S% 

Class III 

15 

15 SI 

17 50- H 01 

20 5^o 

Cl iss IV 

> 

1111 

10 OC 0 01 

ISTTe 


Table 5 — Ventilation Accot 

ding to Etiologic 1 ypes m 

Comparable Dcgicc 

0 / 1 ailuu 


Jlean 'tension of CO 2 in lxpircd Ur* 

Type of Heart Disease 

Class II 

Class III 

Class It 

Hypertensive 

1015 (11) 

1G0G (1G) 

11 20 (10) 

Rheumatic 

IS 11 ( J. ) 

17 85 (10) 

13 SI (11) 

Arteriosclerotic 

1S1> (11) 

15 01 (10) 

13 73 (5) 


* Tension in millimeters of mcrcui}, number of subjects In parentheses 


more impaired, the aveiage amount of In pei ventilation mci eased In severeh 
decompensated caidiac patients this excessive ventilation may be 100 per cent oi 
moie above that expected from the rate of carbon dioxide production To this 
may be added the additional bui den of an increased metabolism resulting from the 
labored lespnation The gieatest degiee of hypei ventilation has been observed 
in cases of heart failuie with an associated uremic acidosis 

THE RELATION Or VENTILATION TO HIE ETIOLOGIC 
TYPL Or HEAR! DISEASE 

In table 5 cardiac patients with compaiable degiees of failure, as judged by 
the functional classification, are grouped according to the principal etiologic types 
In general, all three types of heait disease appear to cause hypei ventilation of 
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be intei preted with a knowledge of then \anabilit} When lespiration becomes 
unduly lapid and shallow, meffiuenc) lesults not onh from a relatnefy gieatei 
piopoition of dead space but fiom an unequal and incomplete expansion of the 
lungs which tends to intei tere with the gaseous exchange 7 

In table 8 the late and depth of bieathmg of the patients with caidiac disease 
listed in table 3 aie compaied wuth those of the 1,745 adult patients in the senes with 
uoi mal basal metabolism Fiom the caidiac disease gioup all patients with h\pei~ 
thvioidism and uiemia aie excluded, because in both of these conditions the depth 
of bieathmg is increased The aveiage \ olume of tidal an is laigei in males than 
in females at aH ages, the noimal Aalue in table 8 is based on the propoition of 
males to females in eacli functional class 

As caidiac failuie pi ogi esses, the increase in ventilation is laigely accomplished 
by an mciease in lespnatoiy late This is in conti adistmction to most othei types ot 
increased ventilation in which both the late and the depth contribute When 
compaied wuth that of normal peisons the bieathmg of patients wuth caidiac 
disease is not unduly shallow 


J mile 8 — The Rale ami Depth of B tea thing in Patients rath Caidiac Disease 



Number of 

Re®piraton 

Tidal Air 

Normal Tidal \ir. 


Subjects 

Rate 

Cc per Sq M 

Cc per Set AI 

Noimal adult subjects 

1,741 

15 0 9 14 4 cT 

219 9 253 cT 


C udiac patients, class II 

44 

17 2 

222 

220 

C irdiac patient®, class III 

25 

19 5 

218 

2J9 

Cardiac p iticnt® cl i«s IV 

20 

25 8 

221 

2,9 


1 lypei ventilation m a peison at test is obsci \ ed laiely m loutmc medical piac- 
tice, and wdien it is found the usual cause is cnculatoiy failuie Aside fiom caidiac 
disease one must considei the possible piesence of acidosis, shock, ceitain fypes 
of sevcie pulmonaiy disease sevcie anemia hystena and piegnancv 8 

SO AIM ARY 

In man, legal dless of age, sex, basal metabolism oi state of nutntion the con- 
centiation of caibon dioxide m the expned an is stnkmgly constant 

Measuiement of the concenti ation of caibon dioxide m the expned air dining 
the detei nunation of basal metabolism by the open cncuit method is a a al liable 
clinical aid m the study of the cardiac status and of the eft ectiveness of theiapeutic 
measuies, it is especially helpful m classifying patients with caidiac disease com- 
plicated by lupeithyroidism and obcsit\ in whom dyspnea on exeition is difficult 
to mteipiet, it is unique among methods of estimating caidiac function in that it is 
pcifoimed wuth the patient at rest' it measuies the extent to which iespn ation 
compensates toi cuculaton Failuie 

7 Haldane 1 S and Pnestley J G Respiration Xew Ha\cn Conn, Yale Unucrsite 
Pi css, 1935 Cliristie R V and Mcakins, J C The Intrapleural Piessurc in Congcstne 
Pleat t Failure and Its Clinical Significance, J Clm Imestigation 13 323 1934 

8 Plass, E D, and Oboist, T W Respiration and Pulmonarj Ventilation in Xornial 
Noiipi egn int Pugnant, and Puupual Women Am J Obst &. Genet 35 441 1938 
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uil iNrr TjHNC n or paroxysmal auricli \u iinRiii\nox 

ox m:ntilaiiox 

It is generally believed that auriculai fibnllation with a lapid \entncular late 
is in itself an inefficient lhjthm How much of the inefficiency is due to the rhjthm 
and how much to an under!} mg oigamc heait disease is difficult to dcteimine 
Patients with hypeithyroidism and without seveie oigamc heait disease aie pi one 
to tempoiaiy attacks of auncular fibnllation with a subsequent ictuin to normal 
ihythm and noimal caidiac function In 5 cases of this t\pe noimal lhythm was 
leestablished without the use of digitalis When the noimal sinus mechanism pie- 



1 he lcspiratoiy response to digitalization m 15 patients Inning c arcing dcgiees of cat fine 
failuie 

vailed, the ventilation w r as noi mal , in .ill cases c entilation w r as mci cased dm mq 
the periods of auiiculai fibnllation wuth fast ventnculai late The avciage mciease 
m the volume of respnation w'as 14 4 pei cent 

Till RATL AND DLPTII OI RLSP1RA1 ION IX PUIPNIS 
WITH CARDIAC DISPASL 

In normal subjects both the lespnatoiy late and the volume of tidal an aie 
subject to lather wade vanation, the coefficient of vanation of each is nearly fom 
times that of the partial oiessuie of carbon dioxide in the expned ail Any state- 
ments made about the acerage lesp.iatoiv iate and depth of breathing should 
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METHODS 

Major embolism was produced by the method developed in this laboratory G in 24 dogs 
Pea or radish seeds were employed to obstruct the moderately sized ai teries in 13 dogs, and 
a 1 20 suspension of starch granules w r as utilized to induce arteriolar and capillar}' embo- 
lism in 16 dogs The animals were anesthetized with soluble pentobarbital U S P (sodium 
pentobarbital) intravenously (25 mg per kilogram of body weight) except in a number of 
experiments of the major embolism type In the latter the embolus was passed with the use 
of local procaine hydrochloride or tempoiaiy ether anesthesia The rate and amplitude of 
tespiration were recorded by a standard pneumograph In 19 animals (11 wuth major, 4 with 
seed and 4 wuth starch embolism) the respiratory changes weie correlated with the changes 
in pulmonaiy arterial pressure, which were determined directly from the main pulmonary arten 
(pioximal to the obstruction) by means of the Hamilton needle manometei 7 In the case of 
(he unanesthetized animals the pulmonary arterial pressure w r as obtained by use of the London 
cannula technic developed in this laboiatoiy 8 The drugs to be used w'ere injected intra- 
venously and 95 pei cent oxygen w'as administered, when desned, by placing the animals in a 
specially designed oxigen glass chamber and changing its gas content from that of normal 
atmosphere to as high as 95 volumes per cent of oxygen (Os) 9 The oxjgen and the carbon 
dioxide content of the blood were measuied from samples of heparinized blood from the carotid 
aiteiy, withdrawn under oil, prior to and following embolism (and after some of the therapeutic 
piocedures) by the usual Van Slyke method On several occasions the pH of the serum was 
detei mined at the same time by the glass electrode method (Beckman pn meter) 10 

RESULTS AND THEIR INTERPRETATION 

1 The Changes Observed at Neciopsy Following Majoi Pulmonaiy Embolism 
— In 01 clei to mteipiet the 1 espiratory changes following majoi embolism, it is 
essential to appreciate the alterations in the vasculai system, heart and lungs 
demonstrable at necropsy This mterpi etation is based on the autopsies of 24 
animals with majoi embolism cori elated with notes of the senes reported previously 
fi om this laboratory 11 

The effects of the major embolism on the heart were lemaikably constant at 
neciopsy legardless of whether the animal succumbed within a few' minutes or 
aftei seveial hours In all, the right side of the heart and the gieat veins appeared 
dilated, often to a marked degree In conti ast, the systemic veins were sometimes 
dilated and engoiged and occasionally collapsed, depending on the degree of the 
pulmonaiy obstruction and the time of death (cf pievious iepoit 5 ) If death 
occuired early, the lungs appealed slightly emphysematous 01 moie frequently, 
pale and bloodless If the animal suivived foi hours, how e\ er, focal areas of 
pulmonaiy congestion, edema and atelectasis were frequenth discernible The 
othei wscera presented only varying degrees of passive h)peiemia 

2 The Changes in Respu ation Following Majoi Embolism and Then Cause — 
Chaiactenstically, after major embolism respiration quickened (chait 1) and 
became deepened and markedly labored All accessoiy muscles of respiration were 
bi ought into action Usually these alterations giadualh became intensified 
Teimmall) respu ation usually slowed and appeared gasping and stertorous The 
heait usually continued to beat for some time after lespiration ceased At some 
time dui mg the couise of most expenments cyanosis became apparent and was 
pi ogi essn ely intensified 

These changes in lespiration w'eie not dependent on a 1 eduction in the oxygen 
content of the arterial blood 01 an increase in its carbon dioxide content in the 

7 Hamilton, W F , Brewer, G, and Brotman, I Am J Plnsiol 107 427, 1934 

S Katz, L N, and Stemitz, F S Am J Plnsiol 128 433, 1940 

9 Dr D Colin, of the department of chemistrj, designed tins chamber and lent it to us 

10 Dr I Kaplan, of the department of chemistn, made these determinations of p n 

11 Megibow, Katz and Stemitz 5 Mendlow itz r 
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PieMOUs nnestigatois death demonstialed that the imaiuble i espouse to 
diffuse embolism of pulmonaiy aitcnolcs and eapillaiies is primal il) that of 
lach) pnea, 1 while the icsponsc following dtfluse embolism of the modcralelj si/cd 
pulmonaiy aitenes is chaiaclcn/cd b\ both tachypnea and d)spnca 2 Jl was con- 
cluded that the undu lying mechanism of these lespnatoiy changes was difleicnl 
m that the lapid lespnatoiy laic subsequent to the laigcr emboli was due nppaienth 
to anoxemia while that following the smaller emboli was the icsult of pulmonaiv 
congestion and edema The lattei appealed to opeiate by leflex action on the 
lespnatory centei bj stimulation of the \agal neive endings in the lungs 1 

Dui mg the imestigation of the cai chovasculai chiianucs of and the mechanism 
ot death fiom expeiimental pulmonan embolism ’ wc had occasion to confirm the 
essential diffeiences in the chaiactei of lespnation which follows moderately sized 
and mihai} embolism Dining the course ot these studies we also noted that 
obstiuction of the main pulmonan aitei) ot of its two majoi subdnisions is 
lollowed b) changes in lespnation giossl) similai to those following modcrateh 
si/ecl embolism The basic factois mediating the lespnatoiy i espouse to such 
majoi emboli weie not immediatel) appaient, since niteiial anoxemia was not a 
consistent afteimath 0 and pulmonan congestion and edema, when piesent, weie 
usually late phenomena 0 

Expei iments w'eic theiefoie instituted to attempt to elucidate the underhing 
mechanism of the exaggeiated bieatlung associated with majoi pulmonar) embolism 
At the same time, foi conti ol purposes expei iments patterned aftei those ot 
Bmgei, Brow and Bianch 3 w'eie pcrfoimed Out initial obseivalions when com- 
paied wnth the lesults of these eaihei mvestigatoi s, how r evci, piesented dis- 
ci epancies sufficient to indicate the need of a moie complete lemvestigation of the 
entile subject In the coin sc of the piesent study wc also undeitook an analysis 
of the lespnatoiy effects of papavci me hydiochloi ide atiopmc theopln lime with 
elhylenechamine, metiazol and paiechme hychobiomide, as well as 95 per cent 
oxygen, to establish which, if am , of these pharmacologic agents might have 

thei apeutic benefits 
» 

From the Cardiovascular Depaitmuit Michael Reese Hospital 

Aided by the A D Nast and the Emil and Fanny Wcdcics Fund for Catdioiascular 
Research 

1 (a) Dunn, J S Quart J Med 13 129, 1920 ((>) Bmgei, C \ I , Blow, G K 

and Bianch, A J Clin Investigation 1 155, 1924 

2 Binger, CAL, Brow, G R, and Bianch, A 1 Clin Investigation 1 127, 1924 

3 Binger, Brow and Branch (footnotes 1 b and 2) 

4 Moore, R L , and Binger, CAL J Expei Med 45 655, 1927 

5 Megibow, R S , Katz, L N , and Steinitz F S Surgen 11 19, 1942 

6 Mendlowutz, M J Thoracic Surg 8 204, 1938 
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In oui pievious expenments 5 we demonsti ated an abiupt elevation in pulmonai} 
aitenal piessuie above the site of obstruction following majoi embolism In 
eleven expei intents of the piesent series the time 1 elation of the respnatoiy 
changes and the changes in pulmonai y aitenal piessure was analyzed In five 
of these experiments the lespuatory changes occuired abiuptly, almost at once, 
aftei the embolization In these instances it was found that the tachypnea and 
dyspnea appealed coincidentally with the pulmonai y hypei tension 

In six of these experiments, howevei, no changes in rate 01 depth of lespna- 
tion weie detectable foi penods vaiying fiom thiee to eighteen liouis aftei embolism 
In these the rise m pulmonai y arterial pressuie was slight 01 absent at fiist and 
developed only giadually ovei the next few houis at an accel eiating late, leaching 
levels of the ordei found in the expenments with immediate pulmonai y hypei tension 
about the time tachypnea and dyspnea developed Appaiently, then, the occuuence 
of these lespuatory changes m majoi pulmonar} embolism is dependent on a cei- 
tam degree of pulmonai y obstiuction with a ceitam level of congestion and hyper- 
tension above the site of obstruction and/oi a ceitam diminution in the flow of 
blood beyond the embolus In these expenments with delayed effects, appaiently 
the initial obstruction is of insufficient magnitude to lead to lespuatory changes 
Thiough the addition of antemortem thrombosis, howevei (which was demon- 
strable at neciopsy), the obstiuction finally leached the cntical degiee to cause 
sufficient congestion and hypei tension above the obstiuction and sufficient intei - 
leience with flow below it to lead to tachypnea and dyspnea 

By accident it was found that that pait of the congestion and hypertension con- 
fined to the pulmonai y arteiy above the obstiuction and the deciease in flow 
beyond the pulmonary embolus were not the essential factors Thus m foui expei 1 - 
ments the passage of the embolus was followed at once by respiratory changes 
similai to those found m majoi pulmonary embolism, and the experiment rvas 
judged to be of this soit Yet at neciopsy in these 4 animals the embolus was 
found to have lodged neai the mouth of the superior vena cava In two othei expei 1 - 
ments tachypnea and dyspnea weie found to occur following the passage of the 
embolus and the embolus ivas found at necropsy to have curled up in the light 
ventricle in such a way as to obstruct flow into this chamber Experience with 1 
dog, m which an embolus was found lodged m the mfeiior vena cava without 
obstructing the supenoi vena cava, demonstrated that interference with flow beyond 
the obstruction was not the cause of the respnatoiy changes The obstiuction 
to flow m this instance seemed as gieat as in the expenments on pulmonai y 
embolism and embolism of the supenoi vena cava, and yet during this expei iment 
tachypnea, dyspnea and othei significant changes m lespnation were absent 

It would appeal, theiefoie, that the common element in the presence ot an 
embolus m the mam pulmonary artery or its major tributanes, in the light 
ventncle or in the supenoi vena cava at its mouth is congestion m the \asculai 
bed diamed by the supenoi vena ca-\a and its tributaries 

This was tested dnectly m 3 anesthetized dogs A metal cannula, 3 mm in 
diametei, with a small balloon fastened at the end was passed down the light 
jugulai vein to the junction of the superior vena cava and the right auricle undei 
fluoioscopic conti ol On inflation of the balloon so as to obstiuct the flow and 
stietcli this legion of the vena cava, an immediate increase in late, depth and 
effoit of lespuation appealed, lesembhng that noted with majoi pulmonai v 
embolism This disappeaied when the obstruction was lemoved by deflating the 
balloon and the appearance and disappeaiance of these changes could be caused 
again and again 
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five expenments m which blood gases weie mcasuied Noi weie the lespuaton 
changes dependent on the development of an audenna in the two expenments in 
which the pn ot the seium w f as measured "I he development of anoxemia 01 its 
aggiavation when piesent at the stait of the expenment and the development oi 
hypercapnia and acidemia wdien they occuired weie much latei and could ha\e 
been responsible only m patt foi the incicase in the rcspnatoiy difficult} As 
a mattei of fact with the quickened lcspnation lollowing the majoi embolus 
the artenal oxygen content and oxygen saturation inci eased slightly, the aitenal 
caibon dioxide content Jell slightly and the p u of the seium became slight!} mote 
alkaline, as might be expected to follow an increase in \entilation These changes 
m oxygen and caibon dioxide content can be seen in figuie 1 b} companng the 
first with the second and the fifth set of leadings Appaicntl), then, the mechanism 
of the respuatoi} changes does not leside primanh in the development of anoxemia, 
hypeicapma 01 acidemia Tins is fuilhei indicated, as tar as anoxemia is con- 



Cliait 1 — Data obtained in a tvpical experiment witli a major pulmonary embolus Hie 
solid line indicates the rate of respiration, and the dotted line shows the oxvgen (0:) content 
and the dot-dash line the carbon dioxide content of aiterial blood 


cemed, by the expenments wnth 95 pei cent ox}gen, in which it was found that 
while oxygen theiapy leheved the c}anosis and artenal anoxemia when piesent, 
it had little influence on the lespnatoiy actrwty (fig 1) 

The fact that pulmonaiy congestion, edema and atelectasis occur onl} after 
a mattei of houis as evidenced in our senes of autopsies while the respuatory 
changes come on almost at once aftei embolization indicates that they too aie 
not the primal y mechanism foi the tachypnea and dyspnea This is substantiated 
by the occurrence of these lespnatory changes in animals wdnch succumbed too 
soon to show pulmonaiy congestion, edema and atelectasis at neciopsy In time 
howevei, if the animal suivnes, decreases in vital capacity and elasticity of the 
lungs dependent on pulmonary congestion, edema and atelectasis conti lbute to 
augment the already increased lespiratory late and, togethei wuth aitenal anoxemia, 
hypercapnia and acidemia, may be m large pait lesponsible for the progiession 
of the respiratory changes m fatal cases 
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stimulation m caidiac failure is thus clearly suggested Ihe dyspnea which occuis 
with failuie of the right side of the heait, therefore, may be, at least in laige pait, 
reflex in ongm because of distention of the root of the superior vena cava 

3 The Changes in Respnation Following Diffuse Model ately Sized Pnlwonaiy 
Embolism and Their Cause — Seed embolism of the pulmonaiy artenes which 
involves model ately sized aiteries caused in all 13 animals quickened, deepened 
and steitoious lespnation While in 7 of the 9 dogs foi which such conelations 
w'eie made cyanosis and arterial anoxemia accompanied these lespnatoi) changes 
(chait 2, fiist and second readings), in 2 the lespuatory changes definitely pie- 
ceded the anoxemia and cyanosis Apparently aitenal anoxemia is not necessaiy 
to cause the respuatoiy changes, although it plays a moie mipoitant tole than in 
the major embolism In favor of this view is the fact that the inhalation of 95 
pei cent oxygen by the 2 dogs tested (chart 2), wdnle lehevmg the aitenal anoxemia 
and cyanosis, caused only a slight or moderate diminution m lespiration and did 
not restoie bieatlnng to its preembohc control late oi depth It is thus appaient that 
the lespnatoiy changes cannot be explained entirely on the development of aitenal 
anoxemia This is contrary ‘to the intei pretation of Binger, Biow and Bianch lb 



Chart 2 — Data obtained in a typical experiment with moderate-sized pulmonaiy emboli 
The solid line indicates the rate of respiration and the dotted line shows the oxygen (Os) 
content and the dot-dash line the carbon dioxide content of artenal blood 

Similarly, a coil elation with the caibon dioxide content of artenal blood m these 9 
animals showed no hypeicapma preceding or following soon aftei the onset of the 
lespiratoiy augmentation Thus the carbon dioxide content can be excluded as the 
etiologic factor In like manner can pulmonary edema and congestion be excluded as 
the primal y factois, since 111 5 animals the characteristic changes 111 lespiration w^eie 
induced by the injection of large numbers of seeds, which led to a lapid death 
At neciopsy 111 such instances pulmonary congestion, edema and atelectasis weie 
absent Appaiently 1 eduction m volume or elasticity of the lungs is not per se 
lesponsible foi the lespnatoi} alterations, although its piesence at neciopsy in 
the animals succumbing aftei seveial hours indicates that it plays a latei mipoitant 
conti lbutmg lole 

The onset of the lespiratory changes weie found to coincide with the ele\ation in 
pulmonai} aitenal piessuie m the 4 animals 111 which these two findings weie 
eon elated Small amounts of seeds failed to cause lespiratoiy changes or pulmonaiy 
hypeitension As moie seed emboli w r ere injected, gieatei respiraton changes 
followed and the pulmonary piessuie rose In the entile series of thnteen experi- 
ments a lough piopoitionahty between the numbei of seeds injected and the mag- 
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The first possibility that suggested itself was that the lespnatoiy changes weie 
due to stagnation of blood in and slowing of blood flow to the lcspuatorv centei, 
leading directly to alteiations in its rhythmic activity If the tachvnea and dyspnea 
were due to such a cential ongm, bilateial vagal section should have no effect on 
the pattern of lespnation 01, at least, not lestoie it to the pattern existing befoie 
embolization In foui expei nnents, therefore, bilateral vagotomv was carried out 
aftei embolization had led to the chaiactenstic lespnatoiv changes In all, 
vagotomv led at once to a lcstoiation of bieathmg to a late below the conti ol 
level the bieathmg lesembled that obseivcd m animals without emboli following 
vagotomv Appai ently the cential mechanism for the change in icspnatoiy pattern 
aftei majoi pulmonai) embolization is excluded, and a leflex ongin involving 
afferent vagal pathwajs is indicated 

Bv exclusion, then, the mechanism appeals to be leflex in ongm the leflex 
ansmg m the congested \essels above the obstiuction, namelv, in the supenoi 
vena cava and its majoi tnbutanes Fuithei, this leflex would appear to be a 
stietch leflex Positive CMdence in favor of this view' was obtained m thiec experi- 
ments m which the umbi ella-i lbbed cannula constructed m this laboiatoiv foi 
anothei pui pose 12 was used This cannula it has been shown can distend the 
vessel at the site of the umbrella ribs when thev aie extended without obstructing 
blood flow Undei fluoroscopic control, distention of the junction ot the supenoi 
\ena ca\a with the right auncle was found in these anesthetized dogs to cause 
augmentation m the late, depth and effoit of lespnation which disappeared when 
the distention was rebec ed 1 hese phenomena could be icpeated Appai entlv b\ 
stretch a leflex was set up m this region, presumabl) in the end oigans found 
by Nomndez , 13 wdnch resemble those of the caiotid sinus 

While stimulation of the root of the superior vena ca\ a has been shown to 
be imohed m this reflex stimulation of respiration, the possibility is not excluded 
that othei legions of the supenoi vena car a and us tnbutanes ot the light auricle 
and right -ventricle and of the pulmonai v aiten above the majoi embolus mac 
also be stimulated be the distention and contnbute to the leflex respnatoic stimu- 
lation End organs aie known to be piesent in some ot these legions, especially 
at the root of the pulmonai c ai tei ) 

The mterpietation that the changes m lespiration in majoi pulmonai c embolism 
aie primarily reflex in origin, set up by stimulation of end oigans in the loot of the 
supenoi vena cava and peihaps elsewhere behind the embolus as a result of dis- 
tention accounts foi all the facts obseived in this study It is, however, likely that 
subsequently othei factois which may develop, such as anoxemia he percapma 
acidemia and deci eases m the vital capacity and distensibilitv of the lungs, may con- 
tnbute to maintain and aggiavate the respiratoiy difficulties The pulmonaiy changes 
may opeiate by conti lbutmg to the changes in gas content and pn of the blood oi 
by reflex action arising in the lungs themselves In much the same way, slowing 
of blood flow to the lespiratoiy center and stasis m this aiea may also be con- 
tributoiv, but these aie all secondaiy to the pnmaiy reflex stimulation of respira- 
tion due to the congestion behind the obstiuction, at least in the region of the root 
of the supenoi vena cava 

These lesults with majoi pulmonary embolism and embolism of the supenoi 
vena cava indicate that obstiuction and distention not only aie significant with 
embolism but may apply to any variety of distention of the light side of the heart 
such as occurs in heai t failui e The importance of such a reflex origin to i espiratoi v 

12 Ballin, I R , and Katz, L N Am J Physiol 135 202, 1941 

13 Nomndez, J F Am J Anat 61 203, 1937 
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mals with other types of embolism, was not restored to the same level by vagotomy, 
some tachypnea pei sisted Howevei , it must be recalled that vagotomy opei ated in a 
similai mannei m animals with the two other types of embolism in which the 
congestion w^as not primarily m the lungs The possibility, therefoie, exists in this 
foim of embolism that congestion of the laige pulmonaiy aitenes, the light side 
of the heait and the superioi vena cava may play an impoitant role m causing 
the lespuatoiy changes At autopsy, the light side of the heart and large systemic 
\ems m this fonn as m the othei foim show marked engoigement Furthei, m 
5 animals that had charactenstic tachypnea postembohcally, in wdnch death occuned 
within tw r o to five minutes following injection of laige amounts of staich suspension 
no eudence of pulmonaiy congestion or edema w^as seen giossly 01 histologicalh 
and only minimal histologic atelectasis was piesent In these cases some othei 
cause foi the lespnatory changes than a leflex fiom the lungs must therefoie be 
sought 



Chait 3 — Data obtained in a typical experiment with miliar} pulmonary emboli The solid 
line indicates the rate of respiration, and the dotted line shows the ox\gen (Os) content and 
the dot-dash line the carbon dioxide content of arterial blood 


Simultaneous tecoidmg of pulmonaiy aiterial piessuie and lespiration in 4 
dogs showed that in this type of embolism as in the others, lespuatoiy changes 
appealed when pulmonaiy hypertension occuned A ceilam minimal amount of 
starch suspension w^as lequued to cause both Once tachypnea developed, it 
pei sisted and became intensified, and at the same time the pulmonary artenal 
piessuie lose The taclrjpnea lieie is thus again i elated to the obstiuction, wulh 
its associated congestion behind the obstruction It does not appeal to be due 
to local untation by the starch gianules acting as foreign bodies, since if this 
weie the case no aggiavation of tachypnea with time should occur This progiession 
with time and the associated use m pulmonaiy piessuie appeal to be due to the 
development of antemoitem clots aiound the starch gianules demonstrable at 
postmoi tern examination 

Theie is theiefoie no leason to doubt that a reflex mechanism exists with 
this foim of embolism similar m nature to that associated with the majoi and 
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mtude of the lespnatoiy changes could be established The constancy of this 
cori elation between pulmonaiy hypertension and lespnatoiy stimulation suggests 
that m this foim of embolism, as in majoi embolism the mechanism foi the 
lespiratoiy changes lesides in the vasculai congestion behind the embolic obstiuc- 
tion Thus, as m the majoi embolism, the mode of pioduction of the lespnaton 
alteiations is presumably reflex in oiigm In fnioi of this new is the fact that 
m two expei iments section of both vagus neives led to a maiked slowing of lespira- 
tion and the assumption of chaiactei istn. bieathing seen in animals without emboh/a- 
tion following bilateial vagolomt 

The possibihtt exists that m this foim of embolism the respiraton changes 
aie set up b\ nutation of end oigans located in the pulmonan vessels by the 
seeds themselves acting as foieign bod} mitants Against this -view is the fact 
that the changes m bieathing onee established tend to intensify pi ogressn elv 
ecen though no furthci seeds aie injected T his appeals to be due to fuithei obslrue- 
tion ot the pulmonan ■vessels by ante moi tern elot shown at neeiopsc to develop 
aiound the seeds and suggested In the giadual pi ogressn e use m pmmonan ai tonal 
pressui e 

All the findings m seed embolism of the pulmonan ailenes theretoie, point 
to leflex lespnatoiy stimulation which is consequent to distention of the \asculai 
bed behind the embolic obstruction and is of a nature similat to that obsened 
m majoi pulmonan embolism A eeitam degiee of distention is essential bcfoie 
this lespuatoiv leflex is established, and its magnitude appeals loughly propoi- 
tional to the extent of the distention This is not stirpusing m leflex action with a 
tlneshold in which moie and moie units are hi ought into plat 01 the rate of dis- 
chaige of those ahead} operating can be increased 

In this form of embolism howevci artcnal anoxemia and pulmonan con- 
gestion and edema play more significant subsidiary roles in the latei stages m con- 
tiibuting to the lespiraton changes than m majoi pulmonan embolism 

4 The Changes in Rcspu ahon Following Diffuse Pulmonaiy Ailciiolai and 
Capillaiy Embolism and Then Cause — Unlike majoi and model ate-sized embolism, 
diffuse minoi embolism pioduced by staich resulted m tach}pnca unaccompanied b} 
h}peipnca 01 dyspnea m out sixteen animal expei iments Like Bingei and his 
associates n ’ we were unable to find any consistent con elation between the taclnpnea 
and aitenal anoxemia 01 lnpeicapnia We made no coil elation with p n of the 
blood but they lejioited also that no con elation could be made between the 
taclnpnea and the p u In oui senes, howecei, aitenal anoxemia dec eloped eaih 
(chait 3, fiist and second samples, third and fouith samples) and seemed to pla\ 
a significant pait in the tachypnea It is "well known that shallow lapid breathing 
may be ineffective in ventilating the lungs, and lcgaidless of its cause, can b} 
itself lead to anoxemia and hypeicapnia, so that these changes ma} be the lesult 
of the tachypnea, the anoxemia tending to perpetuate the tach} pnea In 2 of these 
animals admimstiation of 95 pei cent oxygen leheved the anoxemia and cyanosis 
but had only a slight effect on lespnation Bingei, Blow and Bianch lb concluded 
fiorn then studies that the tachypnea w r as the lesult of a reflex from the lungs 
carried to the lespiratory center via the vagus neives following the pulmonan 
congestion and edema wdnch these emboli pioduce The nnj50itance of this factoi 
is suppoited by our expei lence, since pulmonary changes occuirmg aftei the starch 
embolization could be demonstrated much eailiei than with the moderate-sized 
(seed) emboli, as oui necropsy studies showed The ability to slow' the late of 
breathing m 2 animals by bilateial vagotomy favois the view' of a leflex mechanism 
of such pulmonary congestion but does not exclude the important mechanism of 
its causing anoxemia Since the breathing in these animals, unlike that in the am- 
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was deci eased and made less difficult with moderate-sized and to an occasional 
minimal extent with majoi pulmonary embolism The pielimmaiy stimulation ot 
lespnation lasted ten to fifteen seconds, was at times pionounced and was similai 
to the effects of papavenne obseived.m anesthetized dogs without embolism It 
is due to a direct stimulation of the respiratoiy center by the benzylisoqumolme 
alkaloids contained in this diug The slowing and deepening of lespnation which 
followed this pielimmaiy effect appeared pecuhai to the type of pulmonaiy embolism 
pioduced by minute emboli, with which theie was a long-lasting effect, two to 
ten minutes 01 moie (chait 3), dunng which the pattern of respnation was lestoied 
almost to noimal This effect could be maintained by administration of anothei 
dose of the drug when the effect of the preceding injection was dissipated With 
model ate-sized pulmonaiy embolism this slowing effect -was less maiked, shorter m 
duiation and associated with lessening of effort and depth of breathing With 
major pulmonary embolism the slowing was still less juronounced and frequently 
entnely absent When it occuiied with major embolism, the depth and effort of 
respnation 'were lessened 

There can theiefore be no doubt that papavenne exeits a useful lole in lestormg 
the kinetics of bieathing to nonnal aftei pulmonaiy embolism, especially with the 
minute vanety It thus has a dnect beneficial action in cases of pulmonaiy embolism 
aside fiom its action in dilating the coionaiy vessels 15 and pi eventing the occurrence 
of ectopic ventricular beats, which might cause death by leading to ventriculai 
fibrillation 10 

Some evidence suggesting that papavenne opeiates duectly on the pulmonan 
vascular bed was obtained in the following obseivations In the 4 experiments 
with minute pulmonai) embolism m which pulmonaiy aitenal piessure was 
lecoided simultaneously with lespnation it was found that this diug caused 
at the tune of lespuatoiy slowing a decrease in pulmonaiy diastolic pressuie 
despite the rise m systolic piessuie, indicating a lessened lesistance m the pulmonan 
bed Visualization of the light ventiicle, pulmonaiy conus and pulmonaiy bed 
in 2 othei expenments on dogs with minute pulmonan embolism by means of 
injection of 70 pei cent diodiast and loentgen examination showed a deciease m 
the size of the light side of the heait and pulmonaiy bed following the use of 
papaverine hydiochloride These two types of obseivations suggest that this diug 
operates to i educe the lesistance of the pulmonaiy aitenal bed m pulmonaiy 
embolism, theieby lelieving the congestion behind the obstruction and lessening 
the pi unary and subsidiaiy factors lesponsible foi alteied breathing If this action 
were to dilate fuither the unobstiucted penpheral pulmonary channels, especially 
if these aie constncted — as assumed by many — it is appaient that its effect would 
be gieatei m penpheial types of embolism than m moie cential ones For example 
Landowne 17 m this depaitment has demonstrated that when cential arterial occlu- 
sion is piesent in the limb of man penpheial dilator piocedures are less effective 
than noimal m increasing flow 

These expemnents with papavenne also suppoit the view denved fiom othei 
expenments piesented m this report that the tachypnea occunmg aftei minute 
embolization is primarily due to a leflex caused by distention of pulmonary artenes 
above the obstiuction Some support is lent also to the leflex origin of the 
i espuatoiy changes m model ate-sized and majoi embolism 

15 Lindnei, E, and Kat/, L N J Pharmacol & Exper Therap 72 306, 1941 

16 Lindner, E, and ICatz, L N Am J Physiol 133 135, 1941 Elek, S, and Katz 

L N J Pharmacol & Exper Therap 74 335, 1942 

17 Landoivne, M Am Heait T 24 50, 1942 
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model ate-sized pulmonary embolism But with this vaiiet), unlike the othei s it is 
model ated by some othei mechanism In pait, the othei mechanism is due to the 
anoxemia which develops eail), and m pait it maj be a reflex from the congested 
lungs, as suggested by Bmgei, Blow and Branch 11 ’ Neithci of these two mecha- 
nisms, howevei, appeals to explain all the findings We theiefoie suggest the pos- 
sibility that a leflex onginates not in the lungs 01 the supenor vena caia but m 
the smaller pulmonaiy aitenal blanches distended by the obstruction caused by 
the staich granules This leads to the pecuhai taclnpneic respiration and ovei- 
powers the leflex ansing in the supcnoi vena cava and pet haps in the loot ol 
the pulmonary aiteiy, which causes hypeipnea and dtspnea m othei t\pes ot 
pulmonaiy embolism These distended aitenes may be so located as not to altei 
appreciably vital capacity 01 elasticity of the lungs, and in that sense 0111 lrvpothesis 
diffeis fiom that ot Bmgei, Biow and Blanch 

Oui lesults suggest, theiefoie, that end oigans located in the vasuilai tiee, 
m the root of the supenoi \ena cava and piobabl} clscwhcie, as m the loot of 
the pulmonaiy aitei) and the smallei pulmonary arteries, aie susceptible to 
stietch, which initiates alteiations in breathing patterns, the pattern of bieatlung 
produced is dependent on the site of the end organs so stimulated 

5 The The) opcutics of Rapid Bieatlung in Expcnmcntal Pulmonaiy Lmboltsm 
— In a discussion ot the theiapeutics of pulmonar} embolism, olrvioush the bene- 
ficial and deletenous effect of vauous drugs and procedures on all aspects ot 
pulmonai) embolism should be considcied Foi example, it is appaient that nwgen 
theiapy is indicated whencvei ailerial anoxemia occurs, m older to obviate the 
deleterious effects ot lack of oxygen In this report, howevci, we shall confine 
ourselves solely to the possible demonstiable cftects on the respnator) alteiations 

It has alread} been noted in the pieceding sections of this lepoit that oxvgen 
theiapy, while leheving anoxemia w r hen piesent wntli pulmonaiy embolism, was 
not equally effective in altering respiration wntli the difleient -varieties ot pulmonai \ 
embolism Its eftects w r eie least with major pulmonar) embolism and gieatcst 
with minute embolism, in the piesence of model ately sized embolism its effect 
on breathing w r as intei mediate between the first and the second t)pe It appeals 
that oxygen theiap) has its gieatest benefit on lespiratory effoit in ovei coming 
the rapid shallow type of breathing , this is important since it lessens the tendenev 
for ineffective ventilation, which is pait of this t\pe of lespnation 

Of the drugs tested only papavenne had a consistent and possible beneficial 
influence Paiedrme hydrobionude solution 11 (2 cc ), used 5 times, caused an 
mciease m late, depth and efioit of bieatlung in animals wntli all l>pes of pulmonai \ 
embolism and hence would exeit a detrimental influence on lespiration Atropine 
sulfate ( p 2 grain [0 03 Gm]), used 13 times, theophylline with ethylenediamine 
(10 to 20 cc ), used 14 times, and metrazol (3 cc of 10 pen cent solution), used 6 
times, exert a vanable effect (charts 1 and 2) The inconstanc) of the icsults 
with these drugs, which w^ere not dependent on dosage oi type of embolism make 
them unieliable foi leheving the dyskmetics of lespnation 

Papavenne hydrochloi ide, 32 to 64 mg given mtiavenously, was used 9 
times with majoi, 7 times with moderate-sized and 15 times with minute pulmonaiy 
embolism In all instances it caused a diminution m late of respnation attei a 
vanable preliminary acceleiation This w ? as most maiked m the animals wntli 
minute and model ate-sized pulmonaiy embolism and least marked in those wntli 
majoi embolism The depth of breathing w^as mci eased with minute embolism and 

14 Parednne hydi obromide is p-hydroxy-a-methylphenylethylamine hydrobromide It was 
used in an aqueous solution containing 20 mg per cubic centimeter 
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The sensitiveness ot the electi ocaidiograph to vanous stimuli and the con- 
sequent vanation m tiacmgs taken fiom the same peison make it an impoitant 
instillment m the study of myocardial function Impoitant also is the determina- 
tion ot noimal vanations undei the stiess of these stimuli 

Changes m the ventnculai complexes during attacks of angina have long been 
recognized 1 Smnlaily well known is the demonstration in latent coronary disease 
of chaiacteristic electiocaidiogiapluc deviation aftei exeicise But 2 it has been 
pointed out also that inveision of the T wave may occui with such functional 
disoideis as neurocu dilatory asthenia and thyrotoxicosis 3 It has been shown 
that excessive tobacco smoking can pioduce depression or mveision of the T wa\e 4 
Alkalosis and acidosis, the foimei pioduced by the simple piocedure of hypei ven- 
tilation with deep breathing, affect the amplitude of the T wave 5 6 Anoxemia may 
flatten the T wave and depiess the ST segment m normal persons 0 Feai will 
pioduce changes in the T wave and ST segment similai to those of coionar) 
disease, 7 and the meie taking of food may have its electi ocardiographic lesponse 8 

A study by Tuttle and Koins 9 of electi ocardiogiams of 48 young male athletes 
taken before and after a season of tiaimng and competition showed changes m 
only 4 of the subjects These changes mainl) involved the T wave m lead III 
One man had a diphasic T wave in lead II on the second tiacmg Butteiwoith 

1 (a) Missal, M E Exercise Tests and the Electrocardiogiaph m the Study of 

Angina Pectoris, Ann Int Med 11 2018 (May) 1938 ( b ) Katz, L N , and Landt, H 

Effect of Standardized Exercises on the Four-Lead Electrocardiogram, Am J M Sc 189 
346 (Maich) 1935 ( c ) Vela, M Electrocardiographic Observations on Four Cases of 

Angina Pectoris During Attacks, Arch cardiol y hemat 16 1 (Jan ) 1935 

2 Duchosal, P W , and Henny, G Modifications of the Electrocardiogram After the 
Exertion Test Their Interest in Disorders of the Coronary Circulation, Hehet med acta 

3 652 (Oct ) 1936 Missal ln Katz and Landt lb 

3 Graybiel, A , and White, P D Inversion of the T Wave in Leads I or II of the 
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CONCLUSIONS 

1 Respnation loll owing embolism of majoi and modciatel) si/cd pulmonai v 
aitenes is chaiacteii/ed b\ tachypnea, dyspnea and hypeipnea, that following 
embolism of pulmonai \ aitenolcs and capillanes is cliai actei l/ed pnmanly bv 
tachypnea 

2 These changes aie not dependent on anoxemia since the onset of rapid 
bieathmg is not mfiequentlv associated with an meiease in the oxigen content and 
pei cent oxygen satui ation of the aiktial blood 

3 Alteiations in caibon dioxide content and in p n of the blood similail) play 
insignificant roles, since hipeicapma is inconstant and when oecurimg is transiton, 
while lespnatoi) lanations ocem pitoi to am tendency to acidemia 

4 Actual deci eases in \ olume and ranations in elasticit\ in the lungs, such 
as follow' congestion, edema and atelectasis, while latei adding dcfinitne inci eases 
to the all each acccleiatcd icspn ation aic In themselves not fundamental!} 
implicated 

5 Evidence is piesented to show th.it the icspn at on changes aic not mediated 
centially bv cnculaton slowing tlnough the icspn atorv eentei 

6 The fact that In latei al i.igotoim constanth com cits lapid posteinbolic 

bieatlnng into slow lagal bieathmg is utili7ed as fuithei cMclcnce that the pio- 
duction ot lapid bieathmg is penpheial rathei than eential 

7 The intimate i elation of lasculai distinction to rapid bieatlnng is indicated, 

and the fundamental mechanism w'lth all \aiieties ot pulmonai} embolism is shown 
to be stimulation b\ distention of afleient neivc endings seatteied throughout the 
pulmonai y aitenal bed light side of the beau and supenoi tena ca\a 

8 Through lapid inci eases in elastieitv of the lungs secondan ieflexes are 
initiated, altenng the pnmai\ lespiratoi} response, and these account for the 
absence of dyspnea and hypeipnea in miliar) embolism 

9 A bnef consideration ot the theiapeutics ot posteinbolic respnation show's 

that of the diugs studied onh papaveime exeits an) beneficial action 

10 There is a possibiht\ that ieflexes of similai ongm ma\ be lesponsible 

toi dyspnea in congestne heait failme and acute failuie of the left side of the heait 


2839 Ellis Aienue 
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average scoi e was made by the nonsmokei s under 40 and the lowest by the smokei s 
ovei 40 In fact, the use of tobacco was obviously almost as potent a factoi m 
lowenng the index as was age In the group as a whole the ratio of those with an 
index above aveiage to those with an index below 7 average w 7 as 2 to 1 

THE ELECTROCARDIOGRAM BEEORE EXERCISE 

In a stuch ot the electiocaidiogiams of the aged (made with a gioup of sup- 
posedh health) peisons ovei 70 yeais of age) Levitt 11 found an mciease m the 
QRS and PR mteivals and concluded that this might be consideied a noimal 


finding in old age As shown in table 3, oui ovei -40 group had actually slighth 
shoitei auriculoventncular and mtiaventnculai conduction tunes than did the 
undei -40 group 

Table 2 — Schneidei Index Averages as Affected by Age and Smoking 

Group 


Number of Subjects 

Average Index 

W 7 hole series 


100 

14 85 

Subjects under 10 


50 

15 0 

Subjects over 40 


50 

14 1 

Smokers under 40 


20 

15 2 

Nonsmokers under 40 


21 

16 2 

Smokers over 40 


29 

14 0 

Nonsmokers over 40 


21 

14 3 

* Possible maximum score, 18 




Table 3 — Conduction Time Aveiagcs as Affected by Age and Exeicisc 



Under 40 

Over 40 

Before exercise 


(30 subjects) 

(50 subjects) 

PR? 


0174 

0172 

QRS: 


0 001 

0 050 

■liter exercise 


(3 subjects) 

(0 subject 11 ) 

PR: 


—0 02 

—0 03 

QRS: 


±0 02 

±0 03 


THE ELEC1ROCARDIOGRAM ATTER EXERCISE 

Changes in conduction time with exercise weie rare and insignificant and 
were found m both age groups When such changes chd occur, the PR 
mtenal m lead II w 7 as dect eased, and the QRS interval m that lead was some- 
times increased and sometimes deci eased, but b) such small amounts as to lea\e 
the intervals still w 7 ell within normal limits 

Pei haps the most interesting and unexpected change after exercise w 7 as the 
alteration of the P w 7 ave m lead CF, This alteration w 7 as m most instances a 
fiank inveision, and similar invasion was found onl\ once m am other lead 
It occuned m the electiocaidiogiams of 44 per cent of the whole group and, as 
shown m table 4, about twice as often in those of subjects under 40 as m those 
of men ovei 40 It occuned also more frequently in the electrocardiograms of 
smokei s than m those of nonsmokei s Physical fitness as measured by the 
Schneider index w 7 as not a factor, how 7 eter, since the change w 7 as shown as 
frequently b) the ovei -a\ei age as by the undei -average group The possible 
significance of these figures is intriguingly uncertain 


11 Levitt, G The Electrocaidiogram in the Aged, Am Heart J 18 692 (Dec) 1939 
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and Pomdextei, 10 mteiested chiefly in the question of the possible effect on the 
heait of blows on the chest, took electrocaidiogiaplnc tiacings of 35 boys and 
young men (aged fiom 16 to 24) befoie and immediately after boxing matches 
Ihey tabulated in detail minor changes in all the complexes, but m then conclu- 
sion they mentioned as woithy of note only the mciease aftei exercise of the 
amplitude of the P wave m leads II and III and a decrease m the size ot the 
T wave 

In oui investigation we studied the immediate elcctiocai diogiaplnc i espouse 
of noimal persons to -vigorous participation in -vanous spoils and coil elated these 
findings with the factors of age, smoking and caidio\asculai stability as measured 
by the Schneidei index As stated before, it would seem that tabulation of noimal 
variations both in the resting state and aftei exeieise might be of particulai -value 

METHOD OF STED^ 

We picked at landom 100 men from \anous gioups that met regularly for exercise and 
lecieation The occupational and social status of the gioups was diversified The youngest 
subject was a 21 year old swimmer and the oldest a 67 \cai old \ ollcx ball player For 
the purpose of statistical study the scries was divided equally into those under 40 years and 
those over 40 years of age The average age of the nndcr-40 gtoup was 30 7 vears, as 
compared with 491 vears for the ovet-40 gioup — a difference oi ncariv 20 vears Sports 
or activities participated m by the men examined were handball, squash racquets, vollevball, 


T -vble 1 — 4vciagc ? of Subjects Studied, with Respect to Age, Smokiuq and Schncuhr Index 


Vverage age of subjects under 40 

SO 7 vr 

■Vverage age of subjects over 40 

40 1 jr 

Smokers 

5S7i 

Nonsmokors * 

4S% 

Schneider Index 


Over average * 

00% 

Under average * 

3i7o 


* The average Schneider Index of the whole group was 14 85 


badminton, tennis, swimming, lowing, medicine ball, gymnasium appaiatus work bag punch- 
ing and rope skipping, with the usual one-half to two hour vvoikout 

The study in each case was as follows The subject was seen immediately before he 
exercised and was questioned briefly in regard to known phvsieal defects Anv one with 
cardiovascular disease was eliminated Each subject was then given a Schneider index 
rating, which is obtained by a test of cardiovasculai function and stability based on the 
reaction of blood pressure and pulse rate to change oi position and exercise Plus test will 
not reveal any organic cardiovascular disease unless theic is secondary myocardial insuffi- 
ciency, but it gives a fairly accurate indication of neurovascular fitness The maximum 

score is 18, and any figure under 9 may be consideied to be indicative of mtunsic myocardial 

damage The next step in the examination was making an elcctiocardiogram with the sub- 
ject in a recumbent position He then took Ins exercise and icturncd immediately afterward 
for a second electrocardiogram Because vve wished to know what effect, if any, smoking 
might have on the Schneider index and on the electiocardiographic changes, notation was 

made as to whether the subject was a smoker or a nonsmoker It is of interest that there 

was exactly the same percentage of smokers in both age groups, namely 58 pei cent (table 1) 


THE SCHNEIDER INDEX 

Before we proceed with a discussion of the electiocardiogiaplnc findings a 
lesume of the Schneidei index latmgs makes an intei estmg coiollary As indi- 
cated in table 2, the aveiage for the whole gioup w r as 14 85 In oui tabulations, 
theiefore, 15 was considered as above average and 14 as below The diffeience ot 
1 5 between the two age groups, though definite, is inconsequential The highest 

10 Buttervvorth, J S, and Poindexter, C A An Electiocardiographic Studv of the 
Effects of Boxing, Am Heart J 23 59 (Jan ) 1942 
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lead CF 4 which becomes uptight aftei exeicise, and anothei flattened and dis- 
torted T wave m that lead which assumes a normal configuiation aftei exercise 
Both these tiacmgs aie from handball playeis in their eaily thirties who had 
maximum Schneidei index latmgs (18) and who weie obviously free fiom any 



Fig 1 — Lead IV Changes in T wave A, negative T wave becomes upright aftei 
exercise and P wave is inverted B, change in contour of T wave after exercise , also 
inversion of P wave after exercise 



Fig 2- — Lead III Changes in T wave A, negatne T wave becomes positne aftei 
exeicise B, negatne T wave becomes diphasic after exercise and QRS excursion becomes 
\ ariable 


cai diovasculai disease In figuie 2 aie two examples of change of T fiom 
negative to positne, oi diphasic deflexion A T x which changes from positive 
to diphasic is to be seen m figuie 4 and m oui series was a sinulat comersion ot 
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The susceptibility of the T wave to \anous stimuli has ahcady been men- 
tioned, and a study was theiefoie made of this phenomenon in the vanous gioups 
It occui red most fiequently m leads III and CF, and consisted normal! \ of 
changes in voltage, equally chwded between mci eases and dcci cases As shown 
in table 5, these changes m the T w f a\c aftei exeiuse wcie found in 65 pci cent 
of the whole gioup and moic fiequenth m the undei-40 than in the o\cr-40 
gioup As with changes m the P wait in lead CF, the Schneidet index was 


Table 4 — Changes in P JVart w Lead Cl t Ifta Lietctse in Relation to Ige, S'mol ing 

and Siltmidct Indii 


Incidence 44 per tent of whole group 

Group 

Numbi r in 
Group 

Number of 

Subjects pith 

Change in Pc 

Pi r Cent of 
Group 

Under 40 

,n 

20 


Oeer 40 

>0 

15 

co 

Smokers 

>s 

20 

,n 

Nonsmokers 

12 

r> 

"G 

Index oe er peerage 

( G 

>0 

45 

Index under aeerage 

It 

14 

11 


T \ble 5 — Change in Collage of I H air 

If til Luiitu in 

Rtlahon to Age and Smolmg 

Incidence Go pci cent of whole scries 

Group 

Number of 

Number In Subjects with 

(■roup l hange m 'i 

Per Cent of 
Group 

t/ndei 40 

00 

(• 

72 

Oeei 40 

00 

& 

OS 

Smokers 

i>S 

44 

70 

Nonsmokers 

42 

21 

OO 

Index oeer aeerage 

GO 

12 

01 

Index under leerage 

'I 

2o 

OS 


Table 6 — Change 

in I oltaqc of QRS Coniplt t Iftci I 


Incidence 


Percentage 
of Group 

Undei 40 


7S 

Cher 40 


S4 

Voltage 

Instances 

Millie oils 

Increased 

GO 

•4*0 3 

Decieascd 

40 

—04 


* Cli inges in QRS occur in nil lends but me greatest and most frequent in li ml IV, ind ige 1= not n 
factor 


not a factoi, but alteiations in the T wate w^eie found moie fiequentl) m smokcis 
than in nonsmolceis 

A change in the QRS exclusion aftei exeicise was the most common phe- 
nomenon of all It w^as found in 81 pei cent of all subjects and with the 
same fiequency in both age gioups Inci eases weie moie fiequent than deci eases 
(3 to 2) The degiee of change vaiiec! fiom 0 1 to 10 millivolt, the aoeiage 
mciease being 0 3 millivolt and the aveiage deciease 0 4 millivolt Changes w r eie 
most common and of gi eater degiee m lead CF, These figuies aie lecoided 
m tabic 6 

In the course of the study a few electiocaidiogiaplnc cunosities w T eie dis- 
covered which are worth lepoiting In figuie 1 is seen an mveited 1 ovate m 
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Schneidei index of 18 These abnoimahties which might laise some suspicion 
as to the mtegnty of the myocaidium weie found almost entnely in the undci-40 
gioup, m young adults with high Schneidei index latmgs 


Before exercise 


er exercise. 


Fig 5 — Lead IV Changes in P wave and QRS complex A, inversion of P wave 
and splintering of QRS complex after exercise B, inversion of P wave and disappearance 
of notching of QRS after exeicise Twenty millimeter mciease of QRS exclusion after exercise 
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Fig 6 — Leads I and III Change in P \\a\e and distortion of QRS complex 1 show s 
mciease m voltage of P after exeicise and B distoilion of QRSi m a noimal loung adult 


Distoi tion of the ST segment as the lesult of exeicise has been lepoited as 
occuu mg in normal peisons In this stud}, howevei, distortion of ST or inversion 
of the T wave following exeicise w'as found onh in 3 peisons who had clinical 
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T 2 , the phenomenon thus being found in all leads In figuies 3 and 4 are seen 
distoitions of the ST segment -which might easily be called evidence of possible 
myocaidial damage but which chsappeai aftei three haid games of handball 

As with the T wave, the QRS complex piescnled some unusual but clin- 
ically insignificant vanations fiom the noimal Figure 5 shows a feathenng of 
the QRS complex pioduced b) exeicise and also a sinulai distortion in another 
subject which was piesent befoie exeicise and which disappeaied after one and 
one-half houis of handball In figuie 2 is seen a senes of ORS complexes which 



Fig 3 — Leads I and II Changes in ST segment and 1 \\a\c A, elevated take-off 
disappears after exercise m lead II and excursion of T wave decreases after exercise B, 
T wave in lead I changes from positive to diphasic after exercise 



Fig 4 — Leads III and CF 4 Changes in QRS complex A, decrease of excursion of 
QRS complex in lead CF* and notching after exercise (note also inversion of P wave after 
exercise and monophasic QRS complex in lead CF< in normal man) B, splintering of 
QRSa disappears on exeicise 

vaiy in voltage after exeicise In noimal persons the QRS complex in lead CF 4 
is presumed to be diphasic Figuie 4, how'-evei shows a monophasic and notched 
QRS complex m that lead m a tiacing fiom a 43 year old handball player with 
a Schneider index above aveiage, and conti aiy to the accepted standard these 
peculianties were found in seveial othei obviously normal peisons Figure 6 
shows a small distoited QRSj m a tiacing fiom a 23 year old boxei with a 








NIGHT CRAMPS AND QUININE 


ABRAHAM GOOTNICK, MD 

HINFS, ILL 

A majoi task in geriatucs is management of manifestations of the degeneiatnc 
changes peculiai to the aging process Among tliese manifestations are two types 
of intei nuttent pain in the muscles of the lower extiemities the pam of intei mittent 
claudication, and night cramps The pathogenesis of intei mittent claudication has 
come to be widely recognized, it is a pam of exeicise, caused b) inadequacy of 
blood supply in proportion to blood demand, much as is the anginal effort pam 
and like the latter it is an expression of organic 01 spastic nan owing of vessels 
carrying blood to the muscles involved 

The pam of night cramps, like the pam of claudication is intermittent, affects 
pi eponderantly the middle-aged and elderly and involves' the same muscle gioups 
It is because of these obvious similarities that night cramps too have been geneially 
consideied a symptom of penpheial vasculai disease It is a common expenence 
of specialists m vasculai diseases to see patients with night cramps who have 
been referied foi tieatment of penpheial vasculai insufficiency This, almost 
umfoimly, they do not have What these patients all do show is some pathologic 
condition of the joints, nerves or ligaments of the lower extiemities The disoidei 
may be a sciatic neuntis 01 a traumatic skeletal deformity, but the most frequent 
associated finding is chronic pathologic change m one or another of the weight- 
bearing joints 

The usual picture is that of a middle-aged man or w oman who is fi ee of muscle 
pam by day, whethei lestmg or walking He retnes for the night without symptoms 
but is waked fiom sleep by an abrupt cramping pam in one 01 the othei leg On 
feeling the painful area he finds the muscles in bard contraction and tender 
Vigoious rubbing of the calf muscles, hopping about or application of a hot tow r el 
causes giadual lelaxation of the knotted muscle and relief fiom pam, but the aiea 
lemains tender foi a number of hours thereafter The patient may leturn to sleep 
and be aroused repeatedly by learning muscle ciamps 

Foi a symptom so common and distressing, night cramps have atti acted 
smpnsingly little investigative attention The incidence of night cramps in arthntic 
patients was studied by Pembeiton, 1 who found that among patients with arthritis 
32 pei cent of the men and 43 pei cent of the women had night ciamps as n 
majoi complaint A study by Pemberton and Foster 2 of the calcium-phosphouis 
metabolism in patients with aithutis long ago recealed that significant deviation 
fiom normal calcium balance does not occur m aithritis of either major type My 
lccent study 3 of calcium-phosphorus levels in suffeiers fiom night ciamps (of 
w'hatecei cause) )ielded umfoiml) normal values The empmc administration 
to these patients of calcium salts m an effort to ie\eise a possible negative calcium 
balance pioved of no value in alleviating the ciamps 

Published with pei mission of the medical director Veterans’ Administration, who assumes 
no lcsponsibihtc for the opinions expressed or the conclusions drawn b\ the author 

1 Pemberton, R Arthritis and Rheumatoid Conditions Philadelphia, Lea & rebic'cr 

1933, p 33 

2 Pembeiton, R, and Tostei G L Studies on Arthritis m the Arnn Based on Four 

Hundred Cases, Arch Int Med 25 243 (March) 1920 

3 Unpublished data 
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histories of cardioi asculai disease, and who wcie not included m this senes We 
should therefoie he suspicious of mtnnsic myocauhal damage when distoition of 
the ST segment 01 fiank imusion of the T wave in significant leads is pioduced 
by exeicise 

Sb MM Ain 

With a senes ol 100 noimal men a stud} was made ol the electioeaidiogiapluc 
changes pioduced b} vigoious paitiupation in such active spoits as handball and 
badminton Tiacmgs w r etc taken nnmcdiateh hefoie and immediatel} aftei exciusc 
Theie weic no significant changes m the am iculoventricular oi the mtraven- 
tucular conduction time Jmersion of the P va\c in lead CF, after exeicise 
occuued in about half the gioup Changes in the '1 wa\e weic limited to changes 
m coltage These weie common, but no hank lmcision of the '1 w’ave or 
distoition of the S'J segment w-as found A change in the si/e of the QRS 
complex was most common being found in fom fifths of the men in the senes 
Half ot the men studied wcie undei 40 \cais of age, with an a\eiage age of 
31, w'hile the othci half weic o\ci 40, with <m aveiage <igc ol 49 'Ihcic wcie 
no significant clcctiocardiogiaphic dill ei cnees between the two <igc gioups 
although the incidence of change wdien it did occm was gicatei in the joungci 
gioup 

Concunently a detci mmation ol the Schneidei index was made foi each 
subject Theie was no maiked diflciencc m the a\eragc rating of the two 
age groups There w'as no demonstrable cori elation between the Schneidei index 
lating and the clcctiocardiogiaphic changes noted with exercise 

Tluce fifths of the men studied wcie smokeis The smokcis had a Schneidei 
index slightly lowei than the nonsmokeis and changes in the P wave in lead 
CF, and m the JT wa\e weic moie fiequcnt in this gioup In the couisc ol the 
investigation theie wcie found a lew distoitions of I Si and QRS which dis- 
appeaied with ugoiotis and piolonged exercise and which ma\ theictore be 
considcicd as occasional \anants of the noimal elcctiocaidiogram 


223 A. Street 
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Essentially, the mechanism of cramp m the leg muscles is the same as that 
of rigidity of the abdominal wall m the presence of visceral inflammation It 
represents a variety of the segmental visceromotoi reflex, except that here the 
irritative focus in the spinal coid is produced not by visceial disease but by change 
m skeletal structures of the same segmental distubution as the muscles affected 
Again, the effectiveness of quinine here is due m pait to its action directly on 
muscle tissue, but more important is its effect in interrupting the leflex aic, by 
blocking myoneural impulse transmission Quinine acts, then, much as does digitalis 
in depressing the bundle of His in auncular fibrillation, by cutting down the numbei 
of impulses that can get through to stimulate the muscle to conti action 

Besides the piedisposmg factor of neighboring foci of lrntation, theie is another 
factor which pi ecipitates the attacks and is responsible for the occui rence of cramps 
during the night lather than by day The patient frequently volunteers that he 
can bring on a cramp at will, meiely by extending his lower extiennty lie may go 
to sleep with a pillow folded under his knee to keep it flexed and so attempt to 
ward off an attack of cramps This is effective until he changes position in Ins 
sleep, straightens Ins leg and is seized with a cramp The leason for this 
phenomenon is the physiologic fact that the tension of muscle fibei s increases as the 
muscle lengthens 0 Beyond a certain degree of lengthening, muscle, like a rubber 
band, acquires the tendency to recoil into spasm During the day, with the patient 
m the erect or the sitting posture, the calf muscles maintain a considerable degree 
of tone and aie in a state of partial conti action against varying degiees of pull In 
the recumbent posture, however, lelaxation and lengthening occur In muscles 
already abnormally stimulated by impulses radiating fiom an irritated segment of 
the spinal cord, extension of the extiemity constitutes a tnggei mechanism sufficient 
to throw the stretched muscle group into spasm This is really nothing more 
than an exaggeiation of the myotatic or stretch leflex which is made use of eveiy 
time the ankle jerk is elicited by tapping the aclulles tendon The shaip conti action 
of the gastrocnemius and soleus muscles m response to the momentary lengthening 
of their fibei s by the blow of the hammer is accentuated and piotracted many 
times ovei in lesponse to their being stretched abiuptly by the sleeping patient 

Tables 1 to 4 summauze observations on 30 patients suffering with night 
cramps Although the majonty sought help pnmarily for associated disabilities, 
night ciamps were a tioublesome symptom in all the patients, in 9 the cramps 
were the chief complaint The grievance all had in common was the impossibility 
of sleeping thiough the night undistuibed Thiee patients had been unable for 
many months to sleep except in an armchair, because going to bed meant a suc- 
cession of painful spasms in the muscles of the calf One man refused to undeigo 
a lapaiotomy, giving as a reason his feai of postopei ative evisceration He felt 
ceitam that each time he fell asleep he would piesently find himself out of bed, as 
was his wont, lubbmg his knotted calf muscles befoie he was conscious enough to 
conti ol his actions 

The lesions constituting the lintative foci included arthritis, hypertrophic oi 
atioplnc, of the weight-beai mg joints, sciatic neuritis, deficiency states with 
peripheral neuiitis of glove-stocking distribution, w r eak feet and traumatic residua 
with skeletal deformities tlnowung unusual strains on one or more joints A case 
of muscular spasm due to traumatic stiam (not included m this study) w^as that of 
a patient wuth lrntation of the temporomandibular joint which followed the use of 
a new denture For tw f o w r eeks after he had finall) discarded the denture, the 

9 Brown, D The Regulation of Energy Exchange in Contracting Muscles, Biol Smu- 
posia 3 161, 1941 
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Ihe basis foi the piesent effective tiealment of night cramps was piovidcd b\ 
Kennedy and Wolf, 1 who in 1937 dcscubed the disappeaiance of muscle spasm in 
myotonia undei the influence of quinine Reasoning that a di ug effective against 
one type of muscle spasm might well woik against othei kinds of spasm, Moss and 
Heirrnann r ' in 1940 gave quinine to 15 patients with night ciamps, with unifoimly 
successtul lcsults While noting that night ciamps do not seem to be related to 
penpheial vasculai disease, the atithois did not attempt to explain win night 
ciamps occui 

To nuclei stand the mechanism ol the night ciamp and the action of quinine in 
icheving it, it is useful to icucw the lelationship of two musculai disoideis 
myasthenia gia\is and mjotonu, and two ant.igomstic dings, prostigminc and 
quinine In m) asthenia glacis, the esscnti.il fault is diminished in liability at the 
myonemal junction/’ th.it is, dcci eased sensitiveness of flu motoi end plate to 
the acetylcholine which is the chemical mcdiatoi of impulse transmission at the 
synapse 1 Ins fault is enhanced b\ the gning of quinine, 4 5 6 7 which (1) increases 
the refiacloiy penocl of the muscle fibers and (2) In impairing in liability at the 
myonemal junction deci eases still fuithci the numbci ot stimuli that can icach 
the muscle fibeis In cases of caily equivocal myasthenia, theiefore, quinine has 
been diagnostically useful by quickening and making more eudenl the fatigability 
of the involved muscle gioups 

/\s opposed to quinine, piostigmine piomotcs myoneural impulse tiansmission 
by deslio)ing the eu/)me choline esterase, which inactivates acetylcholine In 
addition, it sensiti/es the muscle fibeis themsehes to the action of acel) lcholinc 
Hence the dramatic effeclnencss of piostigmine in piomptly abolishing the clinical 
manifestations of myasthenia gravis 

In myotonia the clinical manifestation is pcisislencc of conli action in skeletal 
muscle aftei the end of \oluntai) stimulation In abolishing this "after-conti actuie’ 
oi localized tetanus wnth quinine, Kenned) and Wolf 1 weie making use of those 
piopeities of the ding just descnbed the ability of quinine to suppress repetitive 
muscle i espouse by lengthening the icfractory period and its curai e-like depressing 
action at the myoneural junction 8 

Night ciamp in the lowei extiemity appears to be a lasting tetanic contraction 
of a muscle gioup due to reflex bombaidment of the myoneural junctions by a 
slieam of impulses from some neighboring souice of nutation Tins souice of 
nutation may be ai thrills in the hip or knee, w r eak feet or lnliinsic lnfl.unmaton 
change in the neives oi muscles of the extiemity It is a fact fiequentl) observed 
that as the mitative piocess m the skeletal slructmes subsides tbeie is com- 
mensuiate deciease in the fiequency and seventy of the muscle ciamps Con- 
veisely, aggiavation of the irritative change, as b) subjecting aitbutic knees to 
long hours of weight bcaiing, is followed by noticeable intensification of the night 
ci amps 

4 Kennedy, F, and Wolf, A. Experiments with Quinine and Piostignun in Treatment 
of Mjolonia Congenita, Arch Neurol &. Psvchi.it 37 68 (Tan) 1937 

5 Moss, FI K , and Herrmann, L G Quinine foi Relief of Night Cramps in the 
Extiemities, JAMA 115 1358 (Oct 19) 1940 

6 Harvey, A M Action of Quinine on Nemo-Muscular Transmission, Bull Johns 
Plopkms Hosp 66 1 (Jan ) 1940 

7 Haivey, A M Mechanism of Action of Quinine in Mjotoma and Mjaslienia, 

JAMA 112 1562 (April 22) 1939 { 

8 While the explanation given in these paragiaphs is an obvious oversimplification^^ 
the physiology of neuromuscular impulse tiansmission, omitting among other factors ie v ^ 
lole of migration of potassium between muscle tissue and serum and the related e 

test and exercise in myasthenic and myotonic states, it does help to illuminate the pira 
i elationships imohed in night ciamps 
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In general this vas the pattern of response to quinine medication In 28 of 
the 30 patients including several who had not had a cramp-free night m months 
administration of the first capsule of quinine at bedtime dramatically abolished 
the spasms Trial of various quantities of the drug led to the adoption of 3 grains 
(0 19 Gm ) of quinine sulfate at bedtime as the optimal routine dose For only 2 
patients, 1 w ith severe sciatic neuritis and 1 with traumatic deformity of the foot, 
were larger doses (5 grains [0 32 Gm]) required to prevent the appearance of 


Table 2 — Relation of Pi cdisposmg Imiahve Source io Site of Ciamps 


Patient 

Irritative Focus 

Muscles Cramped 

P K 

Arthritic knees 

Calf muscles, bilateral 

I B D 

Arthritis of knees, ankles, ankvlosis, right hip 

Calf muscles, bilateral, right hamstrings 

H J C 

Traumatic deformitv, left root 

Calf and intrinsic foot muscles, right onlv 

A D 

Peripheral neuritis, bilateral 

Calf muscles, bilateral 

E T W 

Weak feet 

Cali muscles, bilateral 

H C S 

Arthritis, lovrer spine 

Cali muscles, bilateral 

H ilcM 

Weak leet 

Calf and foot muscles, bilateral 

JAP 

Peripheral neuritis 

Cali muscles, bilateral 

R S V 

Sciatic neuritis, leit 

Calf and hamstring muscles, left only 

W B W 

Arthritis of knees 

Calf muscles, bilateral 

A P 

Arthritis oi knees and ankles 

Cali muscles, bilateral 

CEB 

Weak feet .. . ... 

Cali muscles, bilateral 

J R 

Sciatic neuritis, right 

Calf muscles, right onlv 

E R 

Traumatic deformitv, leit foot 

Calf muscles, left onlv 

J F 

Peripheral neuritis 

Cali muscles, bilateral 

E O W 

Fibfositis oi knees 

Calf muscles, bilateral 

E A F 

Arthritis of spine, knees, etc 

Calf muscles, bilateral 

J M 

Peripheral neuritis 

Cali and foot muscles, bilateral 

F J M 

Arthritis of spine hips, knees 

Calf and hamstring muscles, bilateral 

R- D R. 

Arthritis oi lower spme, hips 

Cali muscles, bilateral 

F if 

Arthritis of spme, knees 

Calf muscles, bilateral 

J P K 

Peripheral neuritis 

Calf muscles, bilateral 

H P 

Sciatic neuritis, left 

Calf and hamstring muscles, left onlv 

P F 

Weak leet 

Calf muscles, bilateral 

F C 

Arthritis of spme, hips, knees, ankles 

Cali and hamstring muscles, bilateral 

H C 

Weak leet 

Calf muscles, bilateral 

C T 

Peripheral neuritis 

Calf muscles, bilateral 

H B 

Weak feet 

Calf muscles, bilateral 

V V 

Arthritis oi spme, hips knees ankles 

Cali muscles, bilateral 

D G 

Arthritis of spme, knees, ankles 

Calf muscles, bilateral 


Table 3 — Response to Imtia 1 Three-Gram Capsule of Quinine 

Sultatc at Bedtime 

Immediate abolition of cramps 

2S 

Partial alleviation 

2* 

Xo response 

0 

* Comp’ete disappearance oi cramps when dose was raised to 5 grains 


Table 4 — Effect of Discontinuing Use of Quinine After 

Three Days * 

Immediate recurrence (the following night) 

6 

Recurred withm three davs 

10 

Recurred third to fifteenth dav 

5 

Xo recurrence alter a month or longer 

3 


* Six patients leit observation too soon to determine duration oi relief 


cramps, and then only temporarily Even these 2 reported definite alleviation m 
the seventy of the cramps after the initial 3 grain (0 19 Gm ) dose 

A cunous circumstance was that m several instances discontinuance of the use 
of the quinine capsule after three days was not followed b\ reappearance of the 
cramps the patient remaining free of them a week or more and sometimes 
indefinitely As is veil knovn, the effects of quinine and related derivatives are 
evanescent, most of the drug being excreted m the unne within thirty-six hours 
of ingestion In controlling auricular fibrillation vith quimdme, it is a common 
experience that a nightly dose may be necessary to prevent reappearance of the 
arrltythmia at breakfast time In view of this, the prolonged relief from cramps 
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patient suffeied agonizing tnsmus whenevci he opened his mouth nmic than just 
enough to take a dunking tube The massetei spasms disappeaied after the first 
dose of quinine, and the patient was able to lesumc a soft diet without cramps 

1 \m f 1 — Tuoloqic I octPt e 




Irritative 

Associated 

Peripheral Vn c 

Patient 

Age 

Focus 

Conditions 

uilar Status 

P K 

49 

Atrophic arthritis, 
multiple joint' 

Secondary anemia 

Normal 

I B D 

47 

Vtrophic arthritis, 
multiple joint' 

Bronehinl asthma 

Mild ant lospnsrn 

H J C 

45 

Traumatic deform 
itv left foot 

Cholecystitis 

Anrlospn'm 

A D 

45 

Deficiency poly 
neuritis 

TaliC' dor'all' fno 
Chariot joint') 

Nonnal 

B T W 

53 

YV enk feet 

Leukemia 

Normnl 

H C S 

52 

Vrthriti', loner 
spine 

Duodenal ulcer 

Nonnal 

H McM 

a2 

Weak feet 

Hypertension inr 
iliac di'eiisc 

Normnl 

JAP 

11 

Deilciencj poly 
ncurlti' 

Malnutrition 

Normnl 

R S V 

51 

Seintlc neuritis 

None 

Vngiospnsm 

w B vv 

IS 

Vrthritic knee 

Canier eve 

Normnl 

A P 

57 

Arthritic knee' 

Diabetes mellltu', 
obesitv 

Calcified jvcrlphernl 
vessels 

C L B 

IS 

Weak feet 

I eukemla 

Normnl 

J R 

53 

Sciatic neuritis 

None 

Nonnnl 

E R 

50 

'traumatic deform 
Itv 

Malnutrition 

Ant io'pa'm 

j r 

li 

Deficiency poly 
ncurlti' 

Corva 

Normal 

I o tv 

51 

I ihrosltis, knees 

None 

Nonnal 

i v r 

62 

Hvpertrophlc 
arthritis, multiple 
joints 

Duoden tl ulcer 

Normnl 

i \i 

GO 

Deficiency poly 
neuritis 

Generalized nrterlo 
sclerosis 

Vnt lospasm 

1 J M 

11 

Atrophic arthritis, 
multiple joints 

Rheumatic cardiac 
disease 

Angiospasm 

R D R 

52 

Arthritis, loner 
'pine 

None 

Normnl 

F M 

53 

Vrthritic knees, 
spine etc 

Duodenal ulcer 

Normnl 

J P K 

55 

Deficiency poly 
neuritis 

Diabetes mcllltus 

Vngio'pn'm 

H P 

15 

Sciatic neuritis 

None 

Normal 

p r 

48 

Weak feet 

Recurrent appendi 
cltis 

Normnl 

P 0 

51 

Ily pcrtrophic 
arthritis, multiple 
joints 

Hypertension, 
cnrdiac disease, ' 
obesity 

Angiospasm 

H C 

G3 

Weak feet 

Arteriosclerosis, 
cardiac disease 

Normnl 

0 T 

03 

Deficiency poly 
neuritis 

Pneumonia 

Normnl 

H B 

52 

VV eak feet 

Syphilis of the cen 
tral nervous system 

Normnl 

V V 

52 

Hypertrophic 
arthritis, multiple 
joints 

Hypertension, 
cardiac disease, 
prostatism 

Calcified peripb 
ernl vessels 

D G 

3S 

Rheumatic 
arthritis, multiple 
joints 

Rheumatic cnrdiac 
disease 

Normnl 


Com inf nt 


Fewer cramps when 
alkaline ponders 
'topped 


No ernmps 1 week nfbr 
quinine 'topped riven 
pro'tlf mine ampules 
during roentpen Eerie' 
ernmps tlint nlrht only 


Fewer ernmps niter 
alkaline ponders dis 
continued 


nine in eou»e 
pen studies 
•ecurrenco ot 
1 night only 


When, without the patient’s knowledge, a capsule of acetylsahcyhc acid " a 
substituted on the fourth day, the tnsmus promptly leappeared and was again 
controlled with quinine 
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pregnant women There are, besides, numerous instances on recoid of pregnant 
women tieated with full antimalanal doses of quinine who did not abort 11 

The tendency to muscle ciamps in alkalosis was observed to play a part in 4 
of the 30 patients These men had been on a regimen for peptic ulcer and had 
been ti eating themselves with considerable quantities of alkaline powders Before 
quinine was given, they were changed to a regimen which excluded alkaline 
medication Three of the 4 observed an appreciable diminution m severit}*- and 
frequency of the cramps It w r ould appear that in these men the disturbed acid- 
base balance had acted as a spasm-inducing factor m addition to the arthritis, by 
increasing fuithei the irritability of the muscles 

The muscle cramps of athletes may be of the immediate type, a manifestation 
of the marked hyperpnea of effort, and of the increased muscular irritability asso- 
ciated with the consequent elevation m p R 12 Or they may be delayed and appear 
at night after a day of prolonged and strenuous exertion, particularly when pre- 
viously little used muscles have been brought into play Here an evident myositis 
has developed (stiffness and tenderness of the muscles for days following) , the 
inflammatory changes in the muscle proper constitute the irritative focus and play 
the same role as the older patient’s inflamed joint or nerve 

With injuries of long bones, the intense spasm of large muscle masses is 
probably more a matter of stiong efferent stimulation from an irritated cord seg- 
ment than a result of dnect pressure of bone fragments This muscular spasm, 
wdnch often piesents a considerable problem in the management of fractures, 
should on theoretic grounds be just as responsive to adequate quinine medication 
as similar types of spasm already have pioved to be 

Tetanus and strychnine poisoning, of course, do their damage in the central 
nervous system primarily, still, their clinical effects are on the skeletal muscu- 
lature The difference between other types of muscle spasm and the spasms in 
these two conditions is a difference of degree rather than of kind In tetanus 
and m strychnine poisoning the muscular activity is so widespiead, so intense and 
so protracted that life processes, especially respiration, may be made impossible 
and the patient may die These two irritative states have this m common with the 
other varieties of muscle spasm previously mentioned, the stimulation of the 
muscles to contraction and the maintenance of the conti acted state depend on 
nerve impulses originating centially and reaching the muscle fibers across the 
myoneural junctions 

Use of cinchona denvatives in man, by mouth and by vein, has already been 
tried extensively enough to demonstrate the safety and effectiveness of these drugs 
m controlling muscle spasm A notable example is the recent successful prevention 
of fractures m the course of convulsive therapy wuth metrazol 13 through the 
use of a synthetic quinine preparation There is therefore good reason to believe 
that the use of quinine as an antispasmodic drug may be extended to other gen- 
eralized spastic states of the skeletal musculature A priori, so powerful an anti- 
tetanic agent should be a decisive ally against strychnine poisoning and tetanus 
With the former the pioblem is to keep the victim alive long enough to allow 
elimination of the poison As for tetanus, the present accepted management depends 
on antitoxin and sedation The effects of antitoxin are limited by the fact that 

11 Yorke W and Murgatroyd, F Malaria, Ann Trop Med & Parasitol 25 551, 
1931 

12 Best, C H, and Taylor, N B Physiologic Basis of Medical Practice, Baltimore, 
William Wood & Company, 1937, p 1101 

13 Bennett, A E , and Cash, P T Curanzation with Quinine Methochlonde to Prevent 
Traumatic Complications of Metrazol Shock Therapy, Psychiatric Quart 15 351 (April) 
1941 
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aftei discontinuance of quinine cannot be atli ibutcd to cumulative action of the 
drug Rathei, the tendency to ciamps must be thought to have decreased below 
threshold to el, on account of the 1 est and ti eatment accorded in the meantime to 
the predisposing irritative lesion 

The sex and age of the patients included in this stud\ were predetermined In 
their being chosen fiom among veteians of World \\ ai 1 l*rom experience else- 
wheie, howe\ei, it is cleai that the picpondeiant majontv of sufterus from night 
cramps aie persons in the fifth, sixth and setenlh decades of life, the a\crage age 
of a group culled fiom general practice closch appioxnnatcs the a\eragc found 
heie As foi sex disli ihution, the imprcssne frequency among women of post- 
menopausal obesity and aiticulai changes more than offsets the greater incidence 
of tiaumatic aitlmtis and secondary sciatic neutitis m men The present scries 
then, is not to he taken as an indication of a gicatei incidence of night ciamps among 
men 

The commonest single disorder piedisposing to ciamps in this group was 
aithritic change in the weight-beating joints I'lieic was no constant association 
of ciamp m a paiticular muscle gioup with a concsponding site or t}pe of arthritis 
In a numbei of patients wuth cramps of the calf muscles the major pathologic 
condition was in the lumbosacial portion of the spine, rather than in the more 
distal joints In the patients with weak feet, ciamps m the calf muscles alternated 
on occasion with cramps in the mtiinsic foot muscles There was greater cor- 
lespondencc between in native lesion and site of ciamps in the patients with sciatic 
neuritis In these the ciamps were without exception restricted to the side of 
the inflamed neive and imolved usualh the hamstiing muscles as well as the calf 
muscles 

In none ot the 30 patients did we find penphcial aitcrial disease of am 
importance Model ate sdeiosis of peripheral \essels was, as would he expected 
m pei sons of this age gioup, fauly common In 2 men, an incidental obsenation 
m the roentgenogiams of the joints was calcification of the coats of the popliteal 
and postenoi tibial artenes Eight patients had modeiatc peripheral angiospasm, 
manifested h) some coldness of the feet and slight i ubroc\ anosis on dependenc} , 
in these men, too, howetei, the peripheral arteries weie palpably pulsating and 
cutaneous nutntion w r as normal Of the patients with angiospasm, all had normal 
vascular lesenc that is, they lesponded to a theimal stimulus with a normal 
degiee of cutaneous '\asodilation in the lowei extiemities 

COMMENT 

An mtei estmg consideiation is the lclationship of night ciamps in the middle- 
aged and eldetly to muscle ciamps associated with othci clinical disordeis In 
pregnancy, foi instance, night ciamps aie a fiequent complaint Although the 
obvious mechanism which suggests itself is the tendenej of the mother to lme a 
negative calcium balance, the lestriction of the ciamps to the calf muscles and 
then occurrence in the last weeks of gestation point to the more likely hypothesis 
that piessuie of the fetal head on the sacial nenes maj be the souice of nritation 
Night ciamps then develop in the same w r aj as in the patients heie described 

The theiapeutic use of quinine in late piegnancy has been a matter of dispute 
among malanologists Theie is good authority 10 foi the belief that a 3 grain 
(0 19 Gm ) dose does not exert sufficient oxytocic effect, even on the gravid 
uterus, to endangei the pregnancy The malana inoculation ti eatment of dementia 
paralytica, with its concomitant use of quinine, is successfully administered to 

10 Manson-Bahr, P H Manson’s Tropical Diseases, ed 10, Baltimore, William Wood 
&. Company, 1936, p 71 
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LIVER AND BILIARY TRACT 

A REVIEW OF THE LITERATURE FOR 1942 
CARL H GREENE, MD 

NEW YORK 


JAUNDICE FOLLOWING VACCINATION FOR YELLOW FEVER 


The laboi atones of the International Health Division of the Rockefeller Foun- 
dation have been active since 1936 in the development and pioduction of a vaccine 
which by a single injection provides active immunity of long duration against 
yellow fe\ei 1 As a result of the war emergency the demand for this vaccine has 
been so great as to require its pioduction on an unprecedented scale 

The distribution of yellow fever vaccine manufactured by the Rockefellei 
Foundation in New Yoik in 1941 2 was as follows „ 

Doses 


United States Army 959,300 

United States Navy 960,000 

United States Public Health Sen ice 3,000 

Panama Canal Zone 4,000 

Virgin Islands 12,000 


Total for United States Goa eminent 


1,938,300 


West Africa 
South Africa 
East Africa 


152.000 

158.000 
1 662,380 


Total for Africa 1,972,380 

India 222,000 

Brazil 100,000 

Singapore 28,000 

Grand total 4,260,680 


Great interest was aroused when it v r as leported by Army authorities in July 
that an epidemic of jaundice had developed among troops in the United States 
and abroad This epidemic started in March and mci eased until a total of 28,585 
cases was reported in July, wdien it was brought under control 3 

Circular letter no 95 from the Surgeon General’s Office 4 repoi ted that in this 
epidemic the clinical course of the disease had been lemarkably uniform m the 
great majority of patients The disease resembled most closely the so-called 


From the Clinic for the Study of Diseases of the Liver and Bihar) Tract of the Depart- 
ments of Medicine and Surgery, New York Post-Gaduate Medical School and Hospital, 
Columbia Umvestity 

1 Fox, J P, and Cabral, A S The Duration of Immunity Following Vaccination with 
the 17D Strain of Yellow Fever Virus, Am J Hyg 37 93 (Jan ) 1943 

2 Fosdick, R B Report of the President of the Rockefeller Foundation for 1941-1942 

3 Jaundice Following Yellow Fever Vaccination, editorial, JAMA 119 1110 (Aug 1) 

1942 

4 The Outbreak of Jaundice in the Army, Medicine and the War, JAMA 120 51 
(Sept 5) 1942 
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it cannot reach the toxin alieady combined with neive tissue, it neutralizes only 
toxin elaborated at the wound and circulating in the blood Heroic sedation, on 
the other hand, pioduces piofound depression of the vital centeis without accom- 
plishing more than paitial lelaxation It conti lbutes matenally to the incidence 
of a major cause of death in cases of tetanus, pulmonary complications 

What is badl) needed with both conditions is the insulation for a number of 
days of the skeletal musculatuie against the ceaseless assault of stimuli from the 
central nervous system The established pharmacologic capacity of quinine to 
interrupt the tiansmission of neuromusculai impulses, and its pro\ed effect clinically 
against myotonia and night ciamps suggest its probable \alue in the treatment of 
tetanus In time of wai, with tetanus inevitably on the increase, the use of a safe, 
well known and simply administered drug to hold in check the unremitting spasms 
is worthy of tnal 

SUMMARY 

A study of a gioup of 30 patients with night ciamps is reported 
A theory of the mechanism of night cramps is offeied and the effectiveness of 
quinine descubed 

Use of quinine to control muscular spasm in othci clinical states, pai Ocularly 
tetanus and stiychmne poisoning, is suggested 
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system often showed changes similar to those found in it as a result of other severe 
toxic metabolic disturbances 

It must be emphasized that the extensive damage observed in the raie fatal 
cases was not duplicated m the nonfatal cases It is more than probable that 
“ydlow 01 red atrophy” represents the extieme end of a scale of lesions on which 
there are many giadations from the usual slight and readily reparable injury, 
such as occuis m the average patient, to the extensive destiuction of tissue m the 
one who succumbs In those who died from accident or disease subsequent to 
an attack of jaundice, little or no evidence of preceding hepatic damage was found 
All information available indicated that in the average patient the damage done 
to the liver was slight and repair prompt and complete 

Etiologic investigations, started in March, seemed to offer a promise that the 
jaundice-producing agent might be discovered ultimately The lesults at the time 
of the initial public report had been negative as far as the demonstration of a 
transmissible agent was concerned These negative results, however, seived to 
exclude a number of infectious diseases m which jaundice occurs The outbreak 
of jaundice in the Army was not Weil’s disease or any other type of leptospiral 
infection It was not a bacterial infection and had no relation to infectious 
mononucleosis The disease was neither yellow fevei nor a modified form of 
yellow fever The virus of yellow fever was not recoveied from any matenal 
(blood, bile, urine, liver) from jaundiced patients 

The search for the icterogenic agent or factors is progressing along two main 
lines One of these is an attempt to tiansmit the disease with matenals derived 
from patients The other is an attempt to reproduce it m animals with \ellow 
fever vaccine or its components Experiments are being conducted with the whole 
vaccine, vaccine with lot numbers known to have been associated with a high 
incidence of jaundice being used Vaccine with lot numbers not associated with 
jaundice is used as a control On the assumption that the component of human 
serum in certain lots of vaccine administered up to April 18, 1942 may have 
carried an icterogenic agent, the donoi lists are being analyzed, and experimental 
inoculations may be made with the blood of some peisons who contributed pools 
of serum It will probably be impossible to attack directly the question whether 
the chick embiyo component carried the icterogenic agent Factors involving the 
operation of an organ-specific (liver) antigen-antibody system are also being 
investigated 

Patients with jaundice occurring seveial weeks oi longei after they w r ere vacci- 
nated against yellow fevei have in then seium antibodies capable of neutializmg 
the virus It is shown from tests that jaundice lias occuried m persons immune 
to yellow fever On the othei hand, the seium of a jaundiced patient who has 
not been given an injection of yellow fevei vaccine does not possess these vnus- 
neutrahzmg properties The immunologic studies stiengthen the conviction that 
an agent othei than the vnus of yellow fever v r as the cause of the jaundice or 
that a process othei than the contact of the vaccine virus with the hepatic cells w^as 
the cause of the pathologic changes m the liver 

Epidemics of hepatitis and jaundice with clinical and pathologic manifestations 
sinnlai to those observed m the outbreak now ending have occuired among tioops 
m the ai lines of many nations m the past During the first year of the Cnil Wai 
there weie 10,929 repoited cases with 40 deaths among Northern troops The 
Fiench have lefeired to the disease as the “jaundice of camps,” and the English 
have often called it the “jaundice of campaigns ” There ivere 2,195 persons with 
epidemic hepatitis among British troops in the Mesopotannan-Dai danelles region 
from Sept 5 to Nov 6, 1915 It is a common enough disease of armies and 
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catarilial jaundice 01 epidemic hepatitis of unknown cause The onset was gradual, 
often imperceptible, until the appeal ancc of jaundice Inci eased susceptibility to 
fatigue, lassitude and anoiexia weie common prodromal 01 early symptoms, and 
in many cases, weie the only symptoms Nausea and vomiting occurred, and 
diarrhea sometimes preceded other symptoms Fevei was absent, or the tem- 
peiatuie was but slightly elevated The leukocyte count usually was normal, 
occasionally it showed a lelative mciease of monocytes Pains in the joints and 
urticaria were present in about 20 pei cent of cases Dark-coloied urine, yellow 
skin and scleias, and hght-coloied stools weie usually noted The lnei was found 
to be enlarged and tender in about 20 pei cent of cases Bile pigments appeared 
m the mine and the blood The icteiic indexes langed from 15 to 200, occa- 
sionally to 300 Prothrombin levels were reduced, and the excretion tests, such 
as the bromsulfalem test, indicated \auous degrees of disturbance of hepatic 
function In most of the cases the disease was mild, and many cases were dis- 
covered only at special inspections In a stnallei but ne\ei thclcss considerable 
number the disease was moie seveie, with -various stages of hepatic insufficiency 
being noted 

In general, lecoveiy followed in four to eight weeks In some stations con- 
valescent camps weie established to permit continuation of supervision of diet and 
activities in a legimen by which the patient was i chimed to dut) gradually 

Prognosis was favoiable Sufficient evidence is available to wariant the state- 

ment that recovery was complete m the vast majority of cases and that permanent 
damage of the lnei occuired in only a few 

In the fatal cases of hepatitis obscived dming the )car, death usually occurred 
from two to six weeks attei the onset of the disease The earlier stages of 
hepatitis weie raiely observed by the pathologist The chief pathologic lesions 
were those of an acute or subacute yellow or red atiophy ot the liver The 

eaihest lesions consisted of frank necrosis of liver cells in the central parts of 

the lobules Inclusion bodies weie not present at am stage, the lesions thus 
differing distinctly from the lesions of yellow fever Both the destiuctive process 
and the removal of debus by ly sis weie rapid Within ten dais the bulk of the 
necrotic matenal had usuall) been removed completel) The stioma was rarely 
damaged to any extent, in many aieas the lobulai fiameuoik lemained intact 
In most cases the destiuctive process was not diffuse, the severity of the damage 
tending to vary m different parts of the lnei , in some areas the hej^atic tissue 
was almost completely destiojed, whereas m others only the cential parts of the 
lobules were neciotic Unlike many forms of destiuctive hepatic diseases, this 
foim did not have fatty changes as a conspicuous feature Repair of the injured 
liver was brought about mainly by multiplication and hypertrophy of the lemaimng 
liver cells The lesultmg lobules tended to be very large and weie often of 
atypical construction Destruction of hvei tissue and lemoval of debris in this 
disease were invariably accompanied by lnflammatoiy leaction, so that the teim 
“hepatitis” is pioper 

Changes in organs other than the liver weie common Of paiticulai interest 
was the marked edema, often accompanied by intense inflammation, of the gastro- 
intestinal tract Although any part of the tract, including the esophagus, could 
be involved, the changes were usually most pronounced in the cecum The relation 
of these lesions to the hepatitis was not determined The kidneys presented the 
condition commonly known as biliary nephrosis (cholenuc nephrosis) An acute 
or subacute splenic tumor usually was present Hemorrhages, often extensive, 
m serous and mucous membranes were likewise common The central nervous 
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in paiticulai lots of vaccine and was not due to the vnus of yellow fever used m 
the preparation of the vaccine, the method of pieparation of the vaccine was 
changed and the epidemic of associated jaundice disappeared 

While a great number of cases developed, the mortality was slight Fortunately, 
it was possible to eliminate the unidentified causative factor Even if this had 
not been possible, this complication was of little importance compared with the 
senousness of yellow fever m unvaccinated patients 

YELLOW FEVER 

The foiegoing obseivation is well emphasized by Soper, 0 as well as by Sawyer, 6 7 
who summarized present knowledge of yellow fever m authoritative articles They 
point out that yellow fevei is a short, self-limited infection caused by a specific 
virus, followed by an intoxication due in large pait to the destruction of tissue 
cells, especially the paienchymal cells of the liver 

The clinical pictuie of yellow fever may vary as much as does that of measles, 
smallpox, poliomyelitis or any other virus disease Yellow fever may be seen as 

{a) An mapparent infection, recognized only through proof of acquired 
immunity 

( b ) An abortive infection with vague initial symptoms suggestive of mild influ- 
enza, lasting only some hours 01 possibly one day, often recognized only by slowing 
of the pulse during convalescence 

( c ) Incomplete attacks with severe onset, high fever, headache, body pains, 
dizziness and temperatuie and pulse curves typical of yellow fever but without 
hemorihage, jaundice and anuria Albuminuria and cylmdruria may appear sud- 
denly and increase rapidly on the third, fourth or even fifth day m the absence 
of other severe symptoms 

( d ) Complete attacks with classic yellow fever Following a typical onset 
with symptoms of severe infection, there occur during the second stage albuminuria, 
hemorrhage and jaundice The classic attack may be mild if the hemorrhage 
does not become excessive and the kidneys continue to secrete Severe oliguria 
and anuria are found only in cases presenting hemorrhage and jaundice 

The clinician notes in the early phase of classic yellow fever the usual signs 
and symptoms of acute infection but finds nothing to prepaie him for the over- 
whelming intoxication which supervenes as the infection itself declines The 
classic clinical picture of yellow fever is one of intoxication rather than of infection 
and consists of a symptom complex associated with the loss of hepatic and renal 
function, which is common to a number of diseases and intoxications producing 
destruction of hepatic parenchyma This complex is not pathognomonic of yellow 
fever, it is the sequence of symptoms that is the most charactenstic feature of 
the disease 

Period of Infection — The onset of yellow fever is dramatic m the rapidity 
with which, within a period of a few hours, an apparently well person is trans- 
formed into a very sick patient The symptoms — headache, backache, pain in 
the legs, malaise, nausea and vomiting — are out of all proportion to the physical 
findings In many cases the infection is explosive ; the pulse and the temperature 
reach their fastigia on the first day, after which there is a tendency for both to 
decline, the pulse falling sooner, more rapidly and more constantly than the tem- 
perature This behavior of the pulse and the temperature is probably the most 

6 Soper, F L Treatment of Yellow Fever, J A M A 118 374 (Jan 31) 1942 

7 Sawyer, W A Yellow Fever, in Christian, H A Oxford Medicine, New York 
Oxford University Press, 1939, vol 5, pt 2, pp 731-738 
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camps ot young adults in civilian institutions Repoils have been received of the 
occunence of jaundice in Bntish and Geiman troops in Africa and in tioops of 
the United Nations in the Middle East and in India Outbieaks of jaundice in 
civilian communities m this countiy and abroad have been well descnbed in the 
past and aie also subjects of lecent icpoits That jaundice of the usual so-called 
catanhal type mav have occuried and may be occunmg among tioops of the 
Aimy of the United States m certain locations is unquestionable Such outbreaks 
among tioops and civilians are chaiaclcrized by an incubation peuod of twenty 
to thu tv-five dajs 01 less and a spiead by contact As slated, the number of 
cases of jaundice of this tvpe m the Arm} appears to have been about 125 per 
month in the fust two months of this >eai No extensile outbieak of jaundice 
m the civil population has occuncd in this counti} in the past ycai 

From an epidemiologic standpoint the piesent outbreaks of hepatitis and jaundice 
m the Aimy showed the following special featuics 

(1) Simultaneous occuirence in tioops m locations wideh sepaiated, from the 
Pacific to the Atlantic and from the North to the South, with notable intermediate 
locations 

(2) Absence of demonstiablc contacts between these units 

(3) Invanable association of all large and many small outbreaks with the 
admmistiation of certain lots of yellow fevei vaccine 

(4) Piediclable occurrence of the jaundice in groups of persons, tioop units 
and otheis knowm to ha\e lecened these lots of vaccine 

(5) Predictable occurrence of a certain peicentage of cases of jaundice at sta- 
tions to w hicli troops knowm to have i ecei\ ed certain lots of v accine w ei e dispatched 

(6) Occunence of a certain peicentage of cases of hepatitis and jaundice after 
an incubation period of seventy to ninety days following the admmistiation of the 
afoiementioned lots of vaccine This incubation period extended from about forty 
to one hundred and tw enty days, depending on lot numbers and conditions to which 
the patients were exposed A few cases occuried as long as six months after 
i accmation 

(7) Occurrence of laige numbers of cases of jaundice in large groups of pei- 
sons vaccinated wuth one oi the other of these lots and occurrence of few cases 
“m instances in which subdivisions of the groups received these lots while the 
more numerous gioup of ‘contacts’ free from jaundice received othei lots of vaccine 
or wei e not vaccinated against yellow fever ” 

(8) Absence, to date of Sept 5, 1942, of secondary outbieaks in locations at 
which this type of jaundice occurred This has been true of places in which there 
were large numbers of cases following yellow fever vaccination and of places m 
which the patients with postvaccinal jaundice were m the midst of many times 
their number of nonvaccmated persons oi persons vaccinated with nonicterogemc 
lots 

Examples could be multiplied They are the basis for the conclusion that 
this outbreak was a type of jaundice following the administration of certain lots 
of yellow fever vaccine The disease was not contagious and hence did not consti- 
tute a danger to the public health 

This epidemic was not confined to the experience of the military personnel, 
for similar observations on icterus following vaccination for yellow fever were 
reported by Fox and his associates from Brazil 6 Once it was recognized that 
the epidemic of postvaccinal jaundice was due to an agent present as a contaminant 

5 Fox, J P , Manso, C , Penna, H A, and Para, M Observations on Occurrence of 
Icterus m Brazil Following Vaccination Against Yellow Fever Am J Hyg 36 68 (July) 1942 
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Studies on rhesus monkey s infected with yellow fever show the following early 
changes, which may appear some days before death an increase m the bilirubin 
content of the blood, a decrease in the rate of excretion of bromsulfalem , a 
lowering of the fibrinogen content of the blood, associated with an increase m the 
clotting time The later changes, generally apparent only on the last day before 
death, include progressive hypoglycemia, becoming severe m later stages, a high 
concenti ation of nonprotem nitrogen m the blood, an absolute increase m urea 
concentration, proportionately less than the increase in nonprotem nitrogen, an 
mciease of ammo acid nitrogen, proportionately greater than the increase of non- 
protem nitrogen, an increase of lest nitrogen Creatinine increases but little, and 
that only immediately before death, probably as the result of terminal anuria, uric 
acid does not increase at all 

Only if yellow fever has pioduced obvious symptoms of intoxication do the 
concenti ations of the nitrogenous constituents of the blood become appreciably 
altered The most significant change is in the ammo acid nitrogen, which shows 
strikingly large gams both absolutely and in relation to total nitrogen The 
changes noted indicate a loss of ability to deaminize ammo acids and to form urea, 
a deficiency of uric acid production and an impairment of the formation of hepatic 
glycogen, all of which are found following hepatectomy It is difficult to escape 
the conclusion that they are dependent on destruction of the hepatic parenchyma 
Although the kidneys are functionally damaged, the retention by the kidneys of 
the lhesus monkey of the ability to produce urine in normal amounts and normal 
concentration throughout the piemtoxication stage of yellow fever indicates that 
this damage is not the chief factor in the production of the most characteristic 
disturbances of the disease No definite evidence of serious impairment of renal 
function was observed except terminal anuria 

Autopsy generally reveals jaundice, hemorrhage, a pale yellow, fatty liver, a 
pale, flabby heart and tense, swollen kidneys Greater or lesser evidence of 
hemorrhage may be found in the stomach, intestine, gallbladder, epicardium and 
pericardium, meninges, uterus, pleura, lungs and bladder 

Microscopic Changes — The most important microscopic lesions of yellow fever 
consist of degenerative changes (fatty degeneration and necrosis of the paren- 
chyma) with almost no inflammatory reaction Many organs and tissues are 
affected by these changes, but those of the liver, kidneys and heart are most 
important 

(a) Liver The extent of hepatic injury revealed by nucioscopic examination 
is surprising m the face of the relatively normal gross appearance of the liver 
The degree of necrotic change may range from 5 to 95 per cent of the parenchymal 
cells In extreme injury only a few cells recognizable as hepatic parenchyma 
may be found , some of these are seen close to the portal sheath at the periphery of 
the lobule, and a few others form a rim of scattered cells about the central vein 
Fatty changes are always found, but the extent of involvement varies widely fiom 
patient to patient There is no evidence of damage to the stroma 

(b) Kidneys The reaction of the kidneys to yellow fevei is like that of the 
liver degenerative, not inflammatory The lesion varies greatly from cloudy 
swelling to severe fatty degeneration and necrosis and is not necessanly correlated 
with the altei ations of renal function observed The convoluted tubules of the 
cortex are especially subject to damage, but the medullary tubes may also suffer 
The glomeruli may show congestion and some exfoliation of surface epithelium 

(c) Heart Well defined degenerative noninflammatory changes may be found 
m all parts of the myocardium Granular and fatty degenerations of the muscular 
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constant and chaiacteristic individual finding in yellow fever Although the tem- 
perature often shows a secondary rise during the phase of intoxication, the pulse 
seldom does, in uncomplicated cases, except at death Bradycardia is common 
after the third day 

The general picture presented by the patient during the period of infection 
is one of active congestion accompanied by seveie piostration Nausea and vomit- 
ing, associated with this period, are not necessarily indicative of a serious prognosis, 
and the early appeal ance of relatively heavy albununuiia is of diagnostic ratliei 
than prognostic importance 

Generally, at the end of the first forty-eight to seventy-two hours the conges- 
tion declines, the temperature leaches notmal or even subnoimal levels and the 
patient enteis a period of relatne tranquility, which marks the end of the period 
of infection 

Peuod of Intoucation — About the end of the thud day, but sometimes as late 
as the fifth, the entue clinical pictuie changes The actne congestion of the 
pievious period is leplaced by venous congestion, accompanied by low arterial 
tension, nausea and vomiting, which may ha\e been present during the period of 
infection, are now more severe and are of gia\e import 0\ crwhelining intoxi- 
cation becomes apparent w ith the appearance of the formidable triad of albuminuria, 
hemorrhage and jaundice In fulminant attacks the sunptoms of intoxication arc 
precocious and merge with those of the phase of the infection 

Jaundice — The jaundice may be so slight as to be missed by an inexperienced 
observer and is raiely or never intense in the early stages Subicteius is the 
most common finding and may be noted in the conjunctnas as earl) as the end 
of the second da), but se\ere, visible cutaneous icterus appears late and is not 
found in the fulminant type of the disease in which symptoms of intoxication 
appear before those of infection have abated 

Hemon hage — The amount of hemorrhage vanes greatly, but some tendency 
toward hemorrhage is to be found in the majority of clinically diagnosable cases. 
Although slight hemorrhage may, and often does, occur during the initial stage of 
active congestion, the dangerous, typical hemorrhage of yellow' fever is that of the 
second phase Hemorrhage may be so severe as piactically to exsanguinate the 
patient and is undoubtedly often the immediate cause of death 

Proteinw m — The onset of proteinuria is rapid, as if some sudden violent 
intoxication involving renal function had occuired lather early in the course of 
the infection It is almost a constant finding in cases of yellow fever, and even 
cases of mild involvement will usually show some piotem m the urine Practically 
all cases of seveie )ellow fevei show much heaner pioteinuiia than u'ould be 
expected in sereie fevers due to other causes 

Anuria, the most dreaded symptom, may occui unexpectedly in cases present- 
ing an otherwise favorable piognosis Anuna appaiently depends on an entirely 
different mechanism from that producing precocious proteinuria The forrnei is 
never found without other signs of destruction of the livei, w'hereas the latter may 
be heavy in cases of mild disease without such signs Anuna follow's and seems 
to depend on hepatic involvement, protemuna may piecede and even be indepen- 
dent of other signs of hepatic intoxication It is piobably safe to conclude that 
proteinuria may occur either directly as a result of involvement of renal function 
during the phase of infection or later because of intoxication secondary to destruc- 
tion of hepatic paienchyma but that anuria is produced only by this secondary 
intoxication 



GREENE— LIVER AND BILIARY TRACT 


571 


to be of diagnostic aid m doubtful cases of jaundice Howevei, Jahn and Ludwig 
point out that the diagnosis of leptospirosis made by daik field examination should 
always be confiimed by animal inoculation or serologic tests befoie being accepted 
as conclusive 

INFECTIOUS AND TOXIC FORMS OF JAUNDICE 

The various infectious and toxic fonns of jaundice have been reviewed by 
Ottenberg and Spiegel 17 They make a distinction between hepatic degeneration 
and jaundice due to infection and jaundice due to chemicals (table) The 
infectious foims of jaundice aie again divided into groups depending on the nature 
of the hepatic degeneration — whether it is a dominant 01 an incidental feature of 
the clinical pictuie Ottenbeig summanzes an extensive literature and reemphasizes 
the obseivation that simple jaundice maj r progiess to acute yellow atrophy The 
chief diffeience between these two conditions is one of degree lather than of kind 
The role of virus infections m both conditions is stiessed, as is the probability that 
seveial diffeient viruses may produce this clinical picture While the gross 
similarities in the clinical pictuies of the various types of infectious jaundice aie 
well known, Ottenbeig calls attention to the latent penod before the appearance 
of the jaundice m epidemic acute yellow atrophy, yellow fever and leptospn osis 
A similar latent penod is observed after the introduction of some chemical poisons 
Following recoveiy, a specific immunity is observed in the various types of infec- 
tious jaundice In contrast, after recovery from chemical jaundice there is a 
gi eater sensitive to many hepatotoxic agents 

Hepatic parenchymal diseases aie classified by Ottenberg and Spiegel 17 as 
follows 

I Infections causing degeneration of the liver and jaundice 

A Infections m which hepatic degeneration is a dominant feature 

1 (a) Simple jaundice, (6) acute yellow atrophy 

2 Leptospirosis 

3 Yellow fever 

B General infections associated occasionally with jaundice 

1 Lobar pneumonia 

2 General septicemia 

3 Syphilis 

4 Tuberculosis 

5 Acute infectious mononucleosis 

6 Malaria 

7 Oroya fever 

II Jaundice due to chemicals 

A Direct injury to liver parenchyma 

1 Therapeutic agents gold, chloroform, arsenic, carbon tetrachloride, 
ether, iodoform, avertin, etc 

2 Accidental contacts amanitotoxm, nitrobenzene, phosphorus, burns, etc 

3 Industrial hazards tetrachlorethane, carbon disulfide, trinitrotoluene, etc 

4 Experimental agents selenium, copper, etc 

B Primary hemolysis with secondary injury to the liver cells 

1 Therapeutic agents phenylhydrazine, sulfonamide compounds, incom- 
patible blood in transfusions 

2 Accidental contacts snake poison, bean poison 

3 Industrial hazard arsine 

4 Experimental agents distilled water, toluendiamine 

C Idiosyncrasy, hypersusceptibility and allergic sensitivity 

1 Therapeutic agents arsphenamme, cmchophen, liver extract, bismuth, 
sulfonamide compounds, mercury 

17 Ottenberg, R , and Spiegel, R The Present Status of Non-Obstructive Jaundice Due 
to Infectious and Chemical Agents, Medicine 22 27 (Feb ) 1943 
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fibeis aie constantly found, hyaline and vacuolai degeneiations less frequently 
The degeneiative lesions of the myocardium are sufficient to explain the functional 
distui bailees encounteied m yellow fevei, such as biad) caidia, loweicd aitenal 
pressuie, seveie asthenia, venous stasis and electiocauhogiaphic lricgulanties 

The lesions aie not equally seveie m all oigans of the same patient When 
the liver is badly damaged, the heart may escape lightly , 01 vice versa, while m 
othei instances the kidneys seem to bear the burnt ot the attack There is, how- 
ever, m all cases lesulting m death an appieciable neciosis of livci tissue, and this 
is the most constant as well as the most chaiactenstic lesion of jellow fevei 

Piophylaus — Sopei stresses the necessity of achieving prophylaxis both by tlw 
eradication of yellow fever mosquitoes and b> vaccination with the pioduction of 
active immunity Accoiding to tests, the immunity has lasted unchanged for the 
four year penod since the piesent \accme was mtioduced Prophylaxis is impor- 
tant, for theie is no specific treatment Instead Soper quotes the aphorism of 
the Brazilian authonty Sinval Lins 8 “The thcrapj of yellow fe\er can be gnen 
m a single line — The disease cuies itself 01 kills in spite of am and e\eiy 
treatment ” 

The difficult}'- m difteientiatmg yellow fevei fiom othei t}pes of jaundice and 
the piesence of the latter in tiopical aieas are emphasized 1>\ Smith, 0 who icports 
a series of 14 cases of jaundice occuinng m West Afiica The clinical findings 
m these cases suggested the diagnosis of \ellow fciet but the microscopic exami- 
nation of the livei made it possible to exclude the latter diagnosis 

LEPTOSPIROSIS ICTEROIIAEMORRIIAGIC \ 

Leptospnal jaundice (Weil’s disease) was confused with yellow' fevei in the 
early days of the seaich for the causative agent of yellow fevei The two diseases 
are now readih distinguishable by laboiatory methods Cases of lcptospiral 
jaundice (Weil’s disease) continue to be recognized and repoited in this country 
m increasing numbcis Wilen, Suavely and Bruno 10 and Durand 11 have reported 
cases from New Oilcans Lester and his associates 12 have descnbed a gioup of 
14 cases from a coal mine m Alabama Tw r o have been reported fiom Philadelphia 
by Kiamer 13 and 10 fiom New Yoik by Tiffany and Maitorana 11 

The importance of agglutination tests in the identification of the disease is 
stressed by Packchanian 10 and by Tiffany and Mailoiana 11 Jalin and Ludwig 1G 
have reported a case in which daik field examination of the blood show'ed lepto- 
spiral bodies Many more oigamsms w r eie found in the duodenal diamage, where 
they persisted until the twentieth day of the disease This obseivation pi onuses 

8 Lins, S , cited b\ Sopei 0 

9 Smith, E C Hepatic Findings Excluding Yellow’ Fe\er in Fourteen Cases of Jaundice 
m West Africa, Ann Trop Med 36 38 (June 30) 1942 

10 Wilen, C J , Snavely, J R , and Bruno, F E Report on Rccentlv Observed Cases 
of Weil’s Disease, New' Orleans M &. S J 94 338 (Jan ) 1942 

11 Durand, J A Weil’s Disease (Spirochetal Jaundice), New Orleans M & S J 94 
341 (Jan) 1942 

12 Lester, B S , Denison, G A , Posey, L C, and Tate, G M Weil’s Disease Clinical 
and Epidemiological Report of Fourteen Cases, South M J 35 325 (April) 1942 

13 Kramer, D W Weil’s Disease Incidence, Diagnosis and Treatment, Report of 
Two Cases, Pennsylvania M J 45 1298 (Sept ) 1942 

14 Tiffany, E J , and Martorana, N F Leptospirosis in New York City Serological 
Survey, Am J Hyg 36 195 (Sept) 1942 

15 Packchanian, A Positive Agglutination Tests in Suspected Cases of Weil’s Disease, 
Pub Health Rep 56 2145 (Nov 7) 1941 

16 Jahn, F, and Ludwig, E Demonstration of Spriochetes by Means of Dark Field in 
Duodenal Juice in Weil’s Disease, Deut Militararzt 6 274 (May) 1941 
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ascites and hemorrhage and in the symptomatic management of ascites and of 
portal cirrhosis are reviewed by Greene 21 The indications for administration of 
mercunal diuietics with added acid salts, such as ammonium chloride or 
ammonium nitiate, for paracentesis, for giving liver extract, for transfusions, for 
vitamin K theiapy and for omentopexy are discussed He reports that m selected 
cases infusions of ascitic fluid seemed to have some value m conserving plasma 
protein and in ti eating hypoprotememia 

The greater part of the earlier literature on the experimental production of 
hepatic cirrhosis by dietary measures was reviewed last year 21 Further experi- 
ments have been reported by Daft, Sebrell and Lillie and their associates , 22 
showing that in rats neither a high fat diet nor one containing free cystme was 
essential for the pioduction of hepatic cirrhosis They found that choline, methio- 
nine or casein in sufficient amounts would prevent the development of cirrhosis or, 
if given after the cnrhosis had developed, would favor regeneration of hepatic 
cells and improvement m the clinical condition of the animals These experiments 
therefore parallel the clinical observation of Broun and Mueth'er 23 

THE LIVER IN RELATION TO PROTEIN METABOLISM 

The relation of the liver to protein metabolism has long been recognized, but 
knowledge regarding details is increasing rapidly at the present time The para- 
mount role of the liver in the deaminization of ammo acids and the synthesis of 
urea is well known The part played by the liver m the synthesis of serum pro- 
teins, especially of serum albumin, and the association of hypoalbummemia with 
hepatic cirrhosis are i ecognized 24 The effects of high pi otem diets in protecting 
the liver from toxic injury by such substances as chloroform and in preventing 
cirrhotic changes in experimental animals on special diets have been discussed 

Evidence has gradually been accumulated to show that the body contains con- 
sideiable stores of protein and that the liver is one of the principal storehouses 
This was suggested by Pfluger 25 and Seitz 2G and demonstrated by Addis and 
his associates 27 and by Luck 28 The reserve stores of protein in the liver are 
increased by a high protein diet and decreased by fasting According to Addis, 

21 Greene, C H Physiological Considerations in the Treatment of Portal Cirrhosis, 
J A At A 121 715 (March 6) 1943, Liver and Biliary Tract A Review for 1941, Arch 
Int Med 69 691 (April) 1942 

22 Daft, F S , Sebrell, W H , and Lillie, R D Prevention by Cystine or Methionine 
of Hemorrhage and Necrosis of the Liver in Rats, Proc Soc Exper Biol & Med 50 1 (May) 
1942 Lowry, J V , Daft, F S , Sebrell, W H , Ashburn, L L , and Lillie, R D Treat- 
ment of Dietary Liver Cirrhosis in Rats with Choline and Casein, Pub Health Rep 56 2216 
(Nov 14) 1941 Lillie, R D , Ashburn, L L , Sebrell, W H , Daft, F S , and Lowry, 
J V Histogenesis and Repair of the Hepatic Cirrhosis in Rats Produced on Low Protein 
Diets and Preventable with Choline, ibid 57 502 (April 3) 1942 

23 Broun, G O , and Muether, R O Treatment of Hepatic Cirrhosis with Choline 
Chloride and Diet Low m Fat and Cholesterol, JAMA 118 1403 (April 18) 1942 

24 Post, J , and Patek, A J , Jr Serum Proteins in Cirrhosis of the Liver I Relation 
to Prognosis and Formation of Ascites, Arch Int Med 69 67 (Jan ) 1942 , II Nitrogen 
Balance Studies on Five Patients, ibid 69 83 (Jan ) 1942 

25 Pfluger, E Glykogen, Arch f d ges Physiol 96 1, 1903 

26 Seitz, E Die Leber als Worrathskammer fur Eiveisstoffe, Arch f d ges Physiol 
111 309, 1906 

27 Addis, T , Lee, D D , Lew, W , and Poo, L J The Protein Content of the Organs 
and Tissues at Different Levels of Protein Consumption, J Nutrition 19 199 (Feb ) 1940 
Addis, T , Poo, L J , and Lew, W The Quantities of Protein Lost by Various Organs and 
Tissues of the Body During a Fast, J Biol Chem 115 111 (Aug ) 1936 

28 Luck, J M Proteins I The Question of Protein Storage, J Biol Chem 115 491 
(Sept) 1936 
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PORTAL CIRRHOSIS 

A comprehensive study of portal cirrhosis has been icpoited by Ratnoff and 
Patek 18 Recoids of 386 patients from various New York hospitals were analyzed 
with reference to the presence of antecedent factors, the chief symptoms and signs, 
the complications of cirrhosis, the prognosis as to life after the development of 
specific signs and the causes of death In addition they gi\c a critical review of 
much of the pertinent medical hteiature 

In this survey they found an increased incidence of cirrhosis in patients of 
Italian and lush stock, though there was no convincing evidence of hereditary 
predisposition Charactensticall) it appears in late middle life (40 to 65 years) 
Men were affected two to tlnee times as often as women, peihaps because of the 
greater frequence of alcoholism in men A study of dietary factors emphasized 
the importance of an antecedent deficiency to which the alcoholism may well have 
contributed In a smaller group of cases svpluhs exposure to aisenic, malaria, 
typhoid and paiatyphoid fevers, acute hepatitis and tlnroid disease appeared to 
be possible conti lbutoi) factors 

The initial clinical sjmptoms usuall) were flatulent dvspepsia and swelling of 
the abdomen Loss of weight was the most frequent sjmptom and occurred m 
one half of the cases Hematcmesis occuired in about one quaitei of the group 
The frequency of other signs is piesented in detail 

The chief signs of poital cirihosis were ascites, edema, jaundice a palpability 
of the livei oi spleen, fe\ei and evidences of collateral circulation The role of 
portal h) pel tension and of a i eduction m the serum albumin in the production of 
ascites w f as discussed Jaundice frequenth was a teiminal phenomenon Ratnoff 
and Patek stiess the fiequency of peuphcral neuritis and its relationship to 
associated ntuntional deficiencies 

Ascites, jaundice and hematcmesis were all of serious piognostic import 
Because of the size of the series it w T as possible for these authors to publish 
survivorship cunes, showing the survnal aftci the onset of each of these 
events In each instance less than one third ot the patients sunned the first 
jears 

The immediate cause of death w r as hepatic tailure or cholemia in 35 pei cent 
of the cases This usually was accompanied b\ jaundice Hematcmesis w r as the 
teiminal. episode in one fourth of the cases In another quaiter of the cases death 
was due to secondary infections 

The treatment of cirrhosis by high vitamin high protein. low r fat diets is discussed 
by Patek and Post 10 and by Fleming and Snail 20 Both gi oups of investigators 
report encouraging lesults m their series ot cases Not onl} w r as the clinical 
course of the disease influenced favoiably but theie was an inci eased period of 
survival in the tieated as compared until the conti ol gioups of patients While 
the results were encoui aging, it must be lemembeied that the effects weie slow r 
It took time for impro'v ement m nutrition as w r ell as foi regenei ation of hepatic 
tissue 

The dietaiy treatment of patients with cirihosis therefore repiesents only one 
phase of the management of the condition The vanous factois in the control of 

18 Ratnoff, O D, and Patek, A J, Jr The Natural History of Laennec’s Cirrhosis of 
the Liver An Analysis of Three Hundred and Eighty-Six Cases, Medicine 21 207 (Sept ) 1942 

19 Patek, A J, Jr, and Post, J Treatment of Cirrhosis of the Liver by a Nutritious 
Diet and Supplements Rich in Vitamin B Complex, J Clin Investigation 20 481 (Sept) 1941 

20 Fleming, R G , and Snell A M Portal Cirrhosis with Ascites An Analysis of 
Two Hundred Cases with Especial Reference to Prognosis and Treatment, Am J Digest Dis 
9 115 (April) 1942 
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injected intravenously into these animals the retention of these substances was 
proportional to the deciease m the serum albumin Goettsch and her associates 
mterpiet this as evidence of impairment of hepatic function Changes of equal 
severity are not likely to be seen clinically for Stewart and Rourke 31 found that 
intravenous infusions of ‘ammo acid mixtures weie equally well utilized by normal 
persons and by patients with various diseases of the liver and biliary tract 

Fagm and Zinn 35 leport good results m 5 patients with hepatic cirrhosis who 
received amino acid mixtures intravenously No controls were used, so that it is 
not possible to decide whether these beneficial responses weie due to the ammo 
acid mixtures or to the geneial measures which were undertaken at the same time 
The work of Goettsch and her associates and that of Post and Patek have suggested 
that the severely damaged liver cannot utilize ammo acids at a normal rate, 
whether these are parenteral or digestive in ongm Response to theiapy then 
must depend on improvement m the geneial nutntional condition of the patient 
rather than on a specific effect of the injected ammo acids 

THE MANAGEMENT OF THE TYPHOID CARRIER 

The control of typhoid fever in many states has leached the point where 
contaminated water, milk and food no longei are of significance in the spread of 
the disease Under these conditions carriers of typhoid bacilli become the chief 
factor in the maintenance of the infection Conti ol of these cameis is theiefore 
of paramount impoitance to public health The carrieis may haibor the bacilli m 
the gallbladder, the biliary ducts, the intestine or the unnaiy tract Biliary carrieis 
are the most frequent and can be recognized bj cultunng the bacilli fiom the 
duodenal drainage 

To date no satisfactory biliary antiseptic has been reported Hanssen 30 sum- 
marized the findings in this field in 1939 and lepoited that cholecystectomy was 
the most successful method of eradicating the carnei state He reported cuie in 
85 per cent of 160 cases collected from the literature Additional cases have since 
Teen reported by Elsom and her associates 37 and b) Coller and Crabtree 38 among 
others Elsom reported that roentgen therapy was entirely ineffective in eiadicat- 
ing the infection 

Tetiaiodophthalein sodium was shown by Nickel 39 to have some bacteriostatic 
action Onodera and his associates 40 and Saphir and Howell 41 later reported 

33 Goettsch, E , Lyttle, J D , Grim, W M , and Dunbar, P Amino Acid Studies 
I Plasma Ammo Acid Retention in the Hypoprotememia Dog as Evidence of Impaired Li\er 
Function, J Biol Chem 144 121 (June) 1942 

34 Stewart, J D , and Rourke, G M Changes in Blood and Urine After Intravenous 
Amino Acid Mixture in Patients with Liver Disease, Proc Soc Exper Biol & Med 51 364 
(Dec) 1942 

35 Fagin, I D , and Zinn, F T Cirrhosis of the Liver Results of Treatment with 
Tarenterally Administered Ammo Acids, J Lab & Clin Med 27 1400 (Aug ) 1942 

36 Hanssen, E C The Present Status of the T>phoid Carrier Problem, New York 
State J Med 39 1347 (July 15) 1939 

37 Elsom, K O’S , Miller, S G , Forrester, J S , and Chamberlin, G W Radiation 
and Cholecystcetomy as Therapeutic Procedures for Typhoid Carriers, Am J M Sc 194 466 
(Oct) 1937 

38 Coller, F A, and Crabtree, P Chronic Biliary Tjphoid Carriers, Surgery 12 426 
(Sept) 1942 

39 Nickel, A C Tetiothalein Sodium— N N R (Tetraiodophenolphthalein) as an Anti- 
septic and Germicide of the Biliary Tract, J Pharmacol & Exper Therap 37 359 (Nov ) 1929 

(Footnotes continued on next page) 
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the gam 01 the loss may amount to some 40 pei cent of the piotem in the liver 
The accumulated evidence on this topic was icuewed by Luck in 1938 29 

Since then Elman and Pleifitz 30 hare shown that when dogs are made hypo- 
protememic by a piotem-deficient diet, the piotem content of the liver is i educed 
Histologic changes m the livei could be con elated with the reduction m the protein 
More lecently Elman, Smith and Sachar 31 have icpoited that following piotem 
staivation the histologic appeal ance of the livei, as well as its content of nitrogen 
and glycogen, depends on the intake of caiboh)diatc When the intake of caibo- 
hydrate is high, the cells are laigc, contain little piotem and present a i arched 
appearance of the cell cjtoplasm often called hjdiopic degcnciation 

After a fast (absence of caibohjdiate), the liver is just as deficient in total 
mtiogen because it is smallei although the concenti ation theieof is normal The 
microscopic pictuie may be called one of atrophr The cells aie smallei, the 
nuclei closei together and the cytoplasma dense 

These obseivations aie significant m showing the magnitude of the changes in 
the cytologic appeaiance of the lnei m consequence of difTeiences m diet, with 
resultant changes m the si/c and the chemical composition of the lnei The role 
of similai changes m the chemical composition of the livu must be kept in mind 
m interpreting the appeaiance of pathologic sections 

Intel pi etations such as this aie based on the assumption that the hepatic cell 
■consists of a unit of protoplasm that icpiesenls the basal protoplasmic constituents 
essential to life and continued function of the cell Superimposed on this basic 
matenal are leseives oi stoies of piotem, fat and gl) cogen possibly with \arying 
amounts of bound watei So fai no imestigator has been able to determine these 
difleient matenals wnth accuiac} Until that can be done, the intei pretation of 
changes in the chemical composition of the lnei is difficult because it is not possible 
to decide whether the peicentage changes aie due solely to shifts in the amounts 
of stored reserves or are due also to changes in the number of paienchymal cells 
The use of colonies of rats of umfoim age and si/e will permit statistical anal) sis 
of changes m the gram weight of the lner and gne a quantitatne measure of the 
total changes found But until this is combined w'lth a measuie of the protoplasmic 
units, complete analysis is not possible 

For many )ears a satisfactoi) pai enteral method of supplying piotem to the 
body has been sought This problem has apparently been sohed in two w r ays 
One way is by the use of blood plasma The benefit of plasma in prerenting 
w ound shock has been one of the outstanding developments of nulitai y medicine in 
the present war Plasma, how r evei, is expensive and without the piessure of the 
wartime emeigency, it would not be so leadily obtainable Various protein digests 
have been studied, and it has been shown that a patient can be kept in nitrogen 
equilibrium by mtiavenous injection of amino acids The extensive literature on 
this topic has been reviewed by Mai tin and Thompson 32 m detail Most of the 
literature has dealt with the use of this therapy in vauous medical and surgical 
conditions Goettsch, Lyttle, Grim and Dunbar 33 found that m dogs fed a very 
low protein diet a pi ogressive hypopi otememia developed When ammo acids w-ere 

29 Luck, J M The Liver Proteins, in Needham, J , and Green, D E Perspectives in 
Biochemistry, London, Cambridge University Press, 1938 

30 Elman, R , and Heifitz, C J Experimental Hypoalbuminemia, J Exper Med 73 417 
(March) 1941 

31 Elman, R , Smith, M G, and Sachar, L A Correlation of Cytological with Chemical 
Changes in the Liver as Influenced by Diet, Particularlv Protein, Gastroenterology 1 24 (Jan ) 
1943 

32 Martin, G J , and Thompson, M R Intravenous Alimentation with Amino Acids, 
Medicine 22 73 (Feb ) 1943 
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'without first establishing the condition of the gallbladder and biliary tract is 
irrational and uneconomical, for only a small proportion of earners of typhoid are 
really suitable for such a trial 

DISEASE OF THE GALLBLADDER 

Vanous discussions of chronic cholecystitis have appeared, but no attempt will 
he made to leview those dealing with surgical statistics or the general features of 
chronic cholecystitis The tendency lathei has been to emphasize the importance 
of biliary djspepsia, as in the article of Holioyd 40 A similar point of view is held 
hy Mosei and his associates , 50 who point out that the colic of gallbladder disease 
usually is leheved by cholecystectomy but that the dyspepsia is not They insist, 
therefore, that dyspepsia alone should not be an indication for cholecystectomy 

Similar discussions relative to disturbances in the common duct have been 
piesented by Best 51 and Wilensky 52 The most comprehensive survey of gall- 
bladder disease is that of Russell, Cartel and Oppenheim , 53 who discuss the cause, 
the diagnosis and the tieatment of diseases of the gallbladdei in detail In this 
discussion the) have introduced seveial concepts not ordinarily considered 

The usual point of view, as piesented toi example by Walteis and Snell , 54 
is that 

no form .of cholecystic disease, gallstones in particular, appears as a primary dis- 
order, there must be an initial injury to the structure of the gallbladder, which in turn may 
•develop to the point of complete functional incapacity, formation of stone or state of chronic 
infection, present individually or in combination The nature of these hypothetic initial injuries 
never has been satisfactorily determined , one or several factors may be responsible There 
is much to suggest that the typical stone-bearing functionless and infected gallbladder seen 
hy the surgeon at operation mav have armed at its condition by any one of several different 
routes Once the normal physiologic properties of the gallbladder have been disturbed a host 
•of factors pertaining to infection, motor disturbances and alterations in the chemical con- 
stituents of the bile may become operative to perpetuate and advance a pathologic process 
Tor the aforementioned reasons it is necessary to consider first the mechanisms by which the 
initial damage is done and then to examine the evidence bearing on the further development 
of the pathologic process 

The subject of initial injury to the gallbladder mav be considered from the standpoint of 
(1) infection, (2) disturbances in cholesterol metabolism produced in vanous ways, and (3) 
mechanical, toxic and chemical factors 

Russell, Carter and Oppenheim 53 attempt to define this initial factor and have 
sought for the earliest evidence thereof The) find that anatomic and physiologic 
abnormalities fiequently precede and seive as a basis on which disease processes 
develop They therefore look on gallstones, infection and cholecystitis as organic 
lesions dey eloping on an underlying disturbance m structure or function Treat- 
ment, to be successful, must be directed toward the basic functional distui bailee as 
well as toward the engiafted organic complication 

They therefore emphasize that disease of the gallbladder is progiessive 
Whatevei the initiating process, be it functional oi organic, time adds factors such 
as gallstones, infection, obstruction oi obhteiation of the gallbladdei If the 

t 

49 Holroyd, F J Biliary Dyskinesia, West Virginia M J 37 407 (Sept) 1941 

50 Moser, R H , Rosenak, B D , and Hasterlik, R J Gallbladder Dyspepsia, Am J 
Digest Dis & Nutrition 9 49 (Feb ) 1942 

51 Best, R R Management of Common Duct Lesions, Nebraska M J 26 5 (Jan ) 1941 

52 Wilensky, A O The Danger of Procrastination in Biliary Tract Disease Until 
Irreversible Liver and Kidney Changes Occur, Am J M Sc 203 231 "(Feb ) 1942 

53 Russell, T H, Carter, R F , nad Oppenheim, E Gallbladder Disease Etiology, 
Diagnosis and Treatment, Bull New York Acad Med 19 77 (Feb ) 1943 

54 Walters, W , and Snell, A M Diseases of the Gallbladder and Bile Ducts Phila- 
delphia, W B Saunders Company, 1940 
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a germicidal action of soluble lodophthalem (letiaiodophenolphtlialein sodium) 
on the typhoid bacillus Saphn and Howell reported a carrier of paratyphoid, 
bacilli and Enright 42 a cai riei of typhoid bacilli apparently cured by treatment 
with soluble lodophthalem Saphn, Baer and Plotke 43 continued these studies 
on a senes of 110 earners of typhoid bacilli Sixtj-frve df these were established 
to be biliaiy earners In 21 of these, or one thud, cultures of the duodenal drain- 
age became negative aftei tieatment The carrier state, however, was not cured, 
foi an intestinal camei state was present in the majority of instances Onl) 7 6 
per cent of the peisons studied were cuied of then earner state by treatment 
with soluble lodophthalem 

Cutting and Robson 11 have reported a senes of 6 earners of typhoid bacilli 
and 1 carnei of dysenter) bacilli who weie not cuied by treatment with tlnohol 
(3-oxo-7-hydroxy-3-isophenothia7inc), phenothiarme, soluble lodophthalem, sulfa- 
guamdme (sulfanilylguamdme) oi sulladiazmc (2-[paraammoben/enesulfona- 
mido]-pynmidme) Ames 43 also has leported a series of 8 carriers of typhoid 
bacilli treated w ith soluble lodophthalem w ithout success 

The treatment of the earner of Uphold bacilli with sulfaguamdine was initially 
advocated by Levi and Willen 40 They admmistcied this drug to a camei who 
had typhoid bacilli m both the biliaiy and the intestinal tiact and who continued 
to have positive cultures of the stools after choice) stcctomv '1 he continuous 
administration of sulfaguamdine for a week apparentl) cured this carrier The 
effectn eness of sulfaguamdine could not be confirmed b\ Saplur, Baer and Plotke 43 
or by Cutting and Robson 41 Hoagland, 17 howe\er, has leported successful results 
m 2 cases He points out that sulfaguamdine can be effectn e onl) m intestinal 
earners The value of this compound in the treatment of intestinal Uphold bacillus 
cameis is still undecided, but the need foi caieful selection of the patients in which 
it is to be tried is apparent 

It is evident, therefoie, that at picsent there is no dependable or efficient 
cuiatne agent for the eiadication of the Uphold camei state Conti ol of the 
carnei b) established methods must continue This rule applies to the biliary 
carrier as well as to the cainer m whom the exact locus of the bacilli has not 
been detei mined However, the lenew’er agiees with Saplur, Baer and Plotke 4S 
that when a cairier show r s typhoid bacilli in the bile obtained by duodenal drainage, 
and cholecystogi ams show a normalh functioning gallbladder without stones, 
a trial of soluble lodophthalem is indicated Treatment with soluble lodophthalem 

40 Onodera, N , Murahava, G, and Liu, S Uebcr erne neue Beliandlung von Tvphus 
Bazillentragern, Deutsches Arch f him hied 171 503, 1931 

41 Saphir, W, and Howell, K hi Soluble lodophthalem in Treatment of Carriers of 
Tj phoid Paratyphoid Group, J A hi A 117 198S (Mav 18) 1940 

42 Enright, J R Apparent Cure of a Tvphoid Carrier with Soluble lodophthalem, 
JAMA 116 220 (Jan 18) 1941 

43 Saphir, W , Baer, W H , and Plotke, F The Tvphoid Carrier Problem Report 
of a Study of One Hundred and Ten Tvphoid Carriers at the Manteno State Hospital, Manteno, 
111, J A M A 118 964 (March 21) 1942 

44 Cutting, W C , and Robson, G B The Alleged Efficiency of Medicinal Treatment 

of Tj phoid Carriers, J A hi A 118 447 (April 25) 1942 

45 Ames, W R Treatment of T\ phoid Carriers, JAMA 119 1217 (Aug 8) 1942 

46 Levi, J E, and Willen, A The Tvphoid Carrier State Treated with Sulfaguamdine, 
JAMA 116 2258 (May 17) 1941 

47 Hoagland, R J The Tvphoid Carrier State Treated with Sulfaguamdine, J A M A 
120 1211 (Dec 12) 1942 

48 Saphir, W , Baer, W H and Plotke T Treatment of Typhoid Carrieis with 

lodophthalem, J A hi A 119 582 (June 13) 1942 



News and Comment 


Meeting o£ American College of Chest Physicians Canceled — At its midwinter 
meeting, held in Chicago on February 14, the Board of Regents of the American College of 
Chest Physicians voted to cancel the meeting of that association this year for the same reasons 
that the 1943 Annual Session of the American Medical Association has been canceled 

The Board of Regents recommended that in those instances in which it is feasible state 
and district chapters of the college arrange to meet jointly with their state and district medical 
societies and assist in preparing scientific programs concerning the specialty of diseases of 
the chest 

Wartime Public Health Conferences — The American Public Health Association will 
sponsor a three day Wartime Public Health Conference m New York, Oct 12 to 14, 1943 
The program of the conference will be devoted exclusively to wartime emergency problems 
as they affect public health and the public health profession 
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influence of the initiating factoi is extended to the common duct, then stones in 
the common duct, infection and cholangitis, biliaiy distinction and hepatic cir- 
lhosis may eventually develop 

They classify diseases of the gallbladdci into tlnec main groups on the basis 
of the dififeient etiologic factoi s concerned, as follows 

I Disorders resulting in distui bailees of the filling and emptying mechanism of 

the gallbladder 

A Anatomic causes (mechanical) 

1 External — congenital or acquired 

(a) Adhesions — congenital or mfiammaton 

( b ) Abnormal cjstic arterj 

(c) Pancreatic inflammation — edema, fibrosis with lmohemcnt of the 
common duct 

(d) Tumois ot the pancreas and the cxlrahcpatic bile ducts 

2 Internal — all congenital 

(a) Comoluled c\stic duct — ial\e of Heistcr obstruction 

(b) Septums — phngian cap 
E Plnsiologic causes (functional) 

1 Hvpertonic chssjnergia 

2 Hjpotonic chssMiergia 

II Disorders resulting m disturbances of the concentrating function of the gall- 
bladder 

A Infectious cholcca slitis 
B Reflux oi panel eatic juice 
C Abnormal concentration of special elements 

1 Bile salts 

2 Calcium — calcified vail of the gallbladder 

3 Calcium carbonate — “milk of calcium” gallbladder 

4 Cholesterol — cholcsterosis 

III Disorders in blood and metabolism resulting in disturbances of the gallbladder 
A Hcinol}tic jaundice — congenital hemohtic icterus, sickle cell anemia, etc 
B Cholesterol metabolism 

1 Pregnancy 

2 Obesity 

They then discuss the effects of each of these factors m detail with regard to 
their relative frequency, the special symptom complex \\ hen present, the character- 
istic diagnostic findings by duodenal drainage and loentgen examination The 
medical and suigical treatment is outlined, and the progiessive course of the 
disease m the untieated patient is discussed The piesentation is concise In the 
opinion of the leviewei, it is the most satisfactory piesentation of this whole field 
of disease of the gallbladder and biliary tract to date 
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To the present time there had not appeared an authoritative “small book useful chiefly to- 
medical students and medical practitioneis, in which these persons will find a resume of the 
significant information upon the animal parasites of medical importance ” This gap the author 
seeks to fill 

The task is not an easy one, and Dr Culbertson is to be congratulated on having presented 
a useful textbook As was to be expected, in view of the author’s special interests, the dis- 
cussions of natural resistance, acquired immunity and immunologic procedures, though concise, 
are of particular value Tabulations of such material as “the route of infection, final site of 
residence and chief effects of the important parasites of man,” diagnostic procedures and drugj 
used for treating infections with animal parasites will be particularly appreciated by students 
concerned with term examinations 

There are numerous inaccuracies throughout the text, some of which are probably charge- 
able to proofreaders Manson’s suggestion of the significance of mosquitoes as vectors of 
filanasis was first made m 1877, not 1879, Glossma palpalis was shown to transmit sleeping 
sickness in 1903, although the development in the fly was demonstrated in 1909, the British 
Plague Commission in India in 1906 presented conclusive evidence of the role of fleas in the 
spread of plague, and it was promptly put to practical test in this country in 1907 Ross 
did not begin his studies first “in the malaria of birds,” but for the first three years worked 
on malaria m human beings On page 7 it is stated that “Leishmama were seen in 1900,” but 
on page 90 one finds that “Leishmama tiopica was probably first observed by Cunningham 
in 1885, but first accurately described by Borvosky, a Russian, in 1898” Since biopsy is 
looking at living tissue, one does not “decide to biopsy the spleen and look for Leishmama”' 
(page 88) 

In the discussion of the parasites themselves there are not a few statements which are 
open to question It is inaccurate to state regarding Endamoeba histolytica that m dogs only 
trophozoites are procured The author includes the mink as a host of Paragommus wester- 
mam but does not mention the occurrence of lung flukes in North America It is doubtful 
whether Cercaria elvae is as widely concerned with schistosome dermatitis as is Cercaria 
stagmcolae, although the latter species is not mentioned In view of the careful experimental 
studies of Japanese investigators, it would seem overconservative to say regarding Hymeno- 
lepis liana that “it is not proved that man is infected from the rodent host or that rodents 
are infected fi om man ” The discussion of Arthropoda of medical importance is especially 
sketchy, and the descriptions fall far short of giving enough morphologic information to 
“enable the student to identify and differentiate the organisms which are discussed ” 

Unfortunately, little aid m identification is affoided by the 140 photographs on 21 plates, 
distributed with little regard to the text which they are intended to illustrate For this the 
publisher’s desire to keep down costs of reproduction is doubtless largely responsible 

In spite of its deficiencies “Medical Parasitology” will be welcomed by many teachers 
and students on account of its concise, clearcut presentation of essential material relative to 
the important animal parasites of man , 

Disease of the Liver, Gall-Bladder and Bile Ducts By S S Lichtman, MD Price, $11, 
buckram Pp 906, with 122 engravings and a colored plate Philadelphia Lea and 
Febiger, 1942 

This book is a scholarly piece of work The author has reviewed the hteiature of a com- 
plicated subject in a workman-like fashion and from this and his own experience has created 
an excellent textbook 

The early chapters deal with the most recent anatomic concept of the liver lobule The 
illustrations of this are particularly good Next is discussed the physiology of the liver, with 
appropriate attention to the relation to the biliary system of bilirubin, bile acids, bile salts and 
vitamins Then such topics as exogenous hepatic poisons and the role of nutrition and diet 
in the management of hepatic disease are considered The pathogenesis of jaundice and, in 
fact, of all pathologic conditions of the liver, is \vell described Considerable emphasis is given 
to the cirrhoses, though all disorders of the liver and its appendages receive appropriate 
consideration 

The symptoms of disease of the biliary tract are discussed from the viewpoint of correlating 
as far as possible laboratory data with clinical experience This proves an interesting method 
of approach Another useful part of the book deals with a critical evaluation of the various 
tests now employable for estimating biliary function 

The author is conservative and sound in his views His book promises to be popular with 
medical students and physicians Certainly it can be recommended 
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Biological Symposia Vol IX, Sex Hormones Edited by 1 T C Koch and P E Smith 
Price, $2 50 Pp 146 Lancaster, Pa Jaques Cattell Press, 1942 

Volume IX is part of a senes devoted to current symposiums m the field of biology It 
contains four papers on the actions and metabolism of sc\ hormones, and four papers on 
hormonal factors in the inversion of sc\ 

Prof Carl Moore, of the University ot Chicago, presented the biologic introduction to the 
symposium on sex hoimones No one is better qualified to do this It is Ins opinion that 
the testes and ovaries can he regarded as the principal, although not the exclusive, source of 
androgens and estrogens These hormonal substances earn the principal responsibility for 
inducing the functional maturity of the male and the female complex, including the structural 
portions of the reproductive system, as well as the psvclnc or behavioral reactions A specific 
genetic constitution to some extent different in the two sexes provides the background or 
framework on which the hormones operate It has been abundantly demonstrated that the 
hormones exhibit considerable capacitv to modify the normal expression of the opposite genetic 
constitution 

Dr A T Kcnvon, assistant professor of medicine, Umvcrsitv of Chicago, wrote the next 
paper, entitled “The Comparative Metabolic Influences of the 1 esticular and Ovanan Hormones 
in Man ” He expresses the belie! that the androgens cxeit anabolic effects on tissues other than 
those of the genital system He mentions growth m weight and height of the human body 
after injections of androgens \ rise in production of heat and retention of nitrogen also 
occur and with this, retention of the associates of mtiogcn in jirotcin formation 

Estradiol benroatc also induces reduction in urinary nitrogen, but the dose known to be 
effective is so large that it is not clear whether this effect is a physiologic manifestation of 
ovarian function 

The third paper is bv Prof E \ Doisy on “1 he Metabolism of tbc Estrogens ’ He 
levievvs the anabolism and catabolism of these hormones In large measure because of the 
investigations of Doisy lninself sufficient data, apparently based on substantial grounds, are 
now at hand to establish the sources of estrogens and the means by which then destruction is 
effected 

Prof F C Koch ticats androgens in a similar mannci 1 1 is article contains seveial 
especially interesting paragraphs on changes in excretion ol sex hormones m disease, including 
tumors of the adrenal glands and Addison’s disease 

The bibliographies of both Doisy 's and Koch’s paper aie lengthy, and no doubt contain 
the best papers relative to the biochemistry of estrogens and androgens 

Of the group of papers concerned with hormonal factors m the inversion of sex, the one 
by Dr R R Greene on “The Effects of Sex Hormones on Embryonic Sexual Structures of 
the Rat” is outstanding This woik represents the combined efforts of Dr M \Y Burrill, 
Dr A C Ivy r and the author in the departments of phy siologv , ph irmaeologv and gv nccology 
of Northwestern University Medical School Then woik seems to establish the fact that 
sex hormones can markedly modify the differentiation of the sexual structures in the rat embrvo 
To obtain such effects, large amounts of the hormonal substmee concerned must be 
administered to the pregnant lat If the dose is sufficient, the substance is apparently able to 
traverse the maternal circulation, reach the embryo and niodifv its sexual development 

These papers on sex inversion contain experimental data and theories that applv primarily 
to the animals studied Such woik, however, is neccssanly pertinent to any consideration of 
similar conditions in human beings As is stated by one of the authois, the factors influencing 
the normal tendencies of the genotype are numerous and vaned, but among them the hormones 
are of outstanding importance In so far as it is possible in these short papers the authors 
evidence a critical and broad approach to the subject at hand To intei csted pet sons this book 
is well worth careful reading and study 

Medical Parasitology By Janies T Culbertson, College of Phvsicians and Surgeons 
Price, $4 25 Pp 285, with 16 text figures and 21 plates New York Columbia Uni- 
versity Press, 1942 

Recent years have seen the appeal ance of several American textbooks on animal paia- 
sitology, and this year they were augmented by Strong’s comprehensive revision and enlaige- 
ment of Stitt’s textbook on tropical diseases and by Belding’s book on clinical paiasitology 
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PERIPHERAL VASCULAR RESPONSE TO ACUTE ANOXIA 

CAPTAIN DAVID I ABRAMSON 

MEDICAL CORPS, ARMY OF THE UNITED STATES 

AND 

HARRY LANDT, MD 

AND 

JULIEN E BENJAMIN, MD 

CINCINNATI 

The moie general reactions of the cardiovascular system of man to the inhalation 
of oxygen-poor gas mixtures have been described by numei ous mvestigatoi s 1 They 
consist of an almost immediate increase in the heart rate, a slight rise m the systolic 
blood pressure, with no significant change in the diastolic level, and a definite 
augmentation m the cardiac output With respect to alteiations in the peripheral 
cuculation, the results aie not as cleaicut Fieeman and his associates 2 studied 
the rate at which blood flows through the hand during a period of acute anoxia, 
using the venous occlusion plethysmographic method They found that either an 
increase or a decrease of rate was produced Gellhorn and Steck , 3 utilizing the 
same piocedure and the same vascular bed, also noted apparently inconsistent 
lesults, the flow being decreased, unchanged or slightly increased 

Since the circulation through the hand is affected by a variety of vasocon- 
strictmg stimuli , 4 it was considered worth while in the present study to investigate 
the effect of acute anoxia on the flow of blood through the forearm and the leg, 
as well Changes noted m these vascular beds are for the most part not complicated 
by vasomotor effects 

From the May Institute for Medical Research, Jewish Hospital 

This work was aided by a grant from the Samuel and Regina Kuhn Fund 

A preliminary report was published elsewhere (Abramson, D I , Landt, H , and Benjamin, 
J E Peripheral Vascular Response to General Anoxia, Proc Soc Exper Biol & Med 48 
214, 1941) 

1 Schneider, E C, and Truesdell, D The Circulatory Responses of Man to Anoxemia, 
Am J Physiol 71 90 (Dec ) 1924 Gellhorn, E , and Lambert, E The Vasomotor System 
m Anoxia and Asphyxia, Urbana, 111 , University of Illinois Press, 1939 Graybiel, A , 
Missiuro, V , Dill, D B , and Edwards, H T Experimentally Induced Asphyxiation in 
Cardiac Patients, with Especial Reference to Certain Hazards in Air Travel and to the Use 
of Asphyxiation as a Cardiac Functional Test, J Aviation Med 8 178 (Dec ) 1937 

2 Freeman, N E , Shaw, J L, and Snyder, J C Peripheral Blood Flow in Surgical 
Shock Reduction in Circulation Through the Hand Resulting from Pain, Fear, Cold and 
Asphyxia, with Quantitative Measurements of the Volume Flow of Blood m Clinical Cases of 
Surgical Shock, J Clm Investigation 15 651 (Nov ) 1936 

3 Gellhorn, E , and Steck, I E Effect of the Inhalation of Gases with a Low Oxygen 
and Increased Carbon Dioxide Tension on the Peripheral Blood Flow in Man, Am J Physiol 
124 735 (Dec ) 1938 

4 Capps, R B Method for Measuring Tone and Reflex Constriction of Capillaries, 
Venules and Veins of the Human Hand with Results m Normal and Diseased States, J Clin 
Investigation 15 229 (March) 1936 Abramson, D I , and Ferris, E B , Jr Responses of 
Blood Vessels in the Resting Hand and Forearm to Various Stimuli, Am Heart T 19 541 
(May) 1940 
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The Antigonadotropic Factor, with Consideration of the Antihormone Problem 
By Bernhard Zondek and Felix Sulnian Price, S3 Pp 185 Baltimore Williams & 
Wilkins Co, 1942 

In this monograph Zondek and Sulnian present a rathci full discussion of the problem of 
the antigonadotropic problem They not only include a icyiew of the literature but describe 
a few unpublished observations of their own The data are dmded and discussed as follows 
“Historical Review", ” “The Antihormonc Theorj of Colhp,” “The Antigonadotropic Factor,” 
“Clinical Significance of the ‘Antihormoncs’ ” and “Mechanism of the Antigonadotropic Reac- 
tion ” The authois piesent c\idcnce which they belicye stronglj indicates that the antigonado- 
tropic substances arc to be classified "as a group of immune bodies of a character hitherto 
unknown in serology ” 

The monograph should be of gieat interest not only to persons interested in endocrinology, 
but to physiologists, biochemists, immunologists and internists It tends to emphasize the 
immunologic mechanisms of antigonadotropic actmty instead of the point ot mow that an 
antagonistic hormone is secreted that neutralizes gonadotropic substances Many aspects of 
this problem, obuoush, will letnam unanswered until the gonadotropic hormones and their 
“antagonists” arc isolated in a chemical!} pure state 

Familial Nonreagimc Food-Allergy Bv \itlun F Coca Price, S5 Pp 160 Spring- 
field, 111 Charles C Thomas, Publisher, 1943 

Coca beheyes he has been able to delimit a group of cases of food allergy yvhicli differs m 
several respects from atopic (“rcagmic”) allcrg} Allergic icagms or antibodies are not 
demonstrable by direct or indirect cutaneous testing , the hereditary influence controlling the 
occurrence of this t>pe of allergy is independent of the atopic inheritance, many of the 
s}mptoms are not represented in the atopic group, and the allergic reaction practically alyyays 
causes acceleration of the pulse The s}mptoms of patients yyith such allergy are of extremcl} 
yvide scope, ranging from physical fatigue to hcattburn Thus, their conditions comprise a 
yvider range of ailments than is customarily accepted as being allergic in origin Coca con- 
siders it possible in most instances to determine bj means of the pulse rate all offending 
foods and other excitants yyith a high degice of accurac} The methoci consists of establishing 
the basal pulse rate and its daily range An increase ot rate in excess of 14 beats a minute 
is thought to be diagnostic of antigenicity This book y\ ill undoubtedly be considered pro- 
yoking The results of these studies yy ill liaye to be lcpcatcd before these neyyer concepts and 
methods yyill be generally accepted 

Psychotherapy in Medical Practice B} Maurice Lcyine, MD Price, £3 50 Pp 320 
Neyv York The Macmillan Compan}, 1942 

The past feyv }cars have seen an increasing interest m ps> chosomatic medicine This has 
led to the production of several neyv books each composed yyith the yyorth} object of making 
understandable to the general reader the essentials of modern ps}cluatr} and ps} chotherap} 

It is a difficult matter for any author to yynte simply about any phase of Iioyy the mind 
yvorks Thus, certain attempts in this line have seemed to sacuficc completeness for the sake 
of simplicity or, on the other hand, hayc been too abstruse for the average phvsician or medical 
student 

Here is a useful compromise The author has put togcthci a practical book yyhicli is 
interestingly yyritten so as to be readable and authoi ltatn el} yyritten so as to be informative 
It describes yvell the difficulties to be overcome m successful estimation of the effect of 
emotional disturbances on human relations and outlines the yauous methods of psychotherapy' 
noyv available It gives a yvell chosen list of references to current hteiatuic On the yyhole, 
it is yy'orth having in one’s libraiy 

Religibn and Health By Scyvard Hiltner Price, 82 50 Pp 292 Neyv Yoik The 
Macmillan Co , 1943 

This is not a quack book but a thoughtful scholarly treatise by a serious student of the 
relation of religion to health Granted that physicians noyv recognize the importance of 
physical and mental health, Dr Iiiltnei yvould lay an additional emphasis on spmtual yvell- 
being and its place in the armamentarium of healing While the point of vicyv is developed 
against the background of Christian philosophy, the treatment is a broad one which goes to 
the roots of yvliat spiritual aid can accomplish in helping a sick person Young physicians 
especially, yvho perhaps hay r e felt that physics and chemistiy aie enough to soh r e the problem 
of disease, yvould profit much from a careful reading of this book 
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of bi eathmg through a mask , m some cases, despite definite attempts to counteract 
it, this feeling persisted during the rest of the experimental penod The actual 
application of the mask lesulted m a fuither decrease of blood flow m the hand m 
1 subiect and a slight increase m 2 others After the subjects began breathing the 
oxygen-poor gas mixture, variable lesults weie obtained In 3 there was a definite 
progiessive decrease m blood flow coincident with the onset of the penod of anoxia 
(chart 1 ) and m 5 a slight decrease or no change, while m 2 a significant increase 
was noted In both of the latter (B P and R B ) the control flow was initially 
rather low With leadnnssion of atmospheric air to the system, the cnculation 
remained depiessed for at least the following fifteen minutes m 2 subjects, slowly 
lose m 1, while m 7 it rapidly mci eased to leach a level consideiably lnghei than 



Chart 1 — Effect of relative anoxia on the rate at which blood flowed through the hand 
and the leg, with the simultaneous effects on the respiratory and pulse rates and the blood 
pressure 

the conti ol flow In 2 of the latter group the blood flow then fell after a short 
mteival, while in the remaining 5 it continued elevated for the lest of the experi- 
mental period 

Forearm — The vascular responses m the forearm were studied m 10 subjects 
(table 2, chart 2) The figures for the blood flow at rest were for the most pait 
within the lower lange of the average of 1 8 cc per minute per hundred cubic centi- 
meters of limb volume (o-, 0 7) for the control series On application of the mask 
theie was a significant mciease in the blood flow in 2 subjects and little change m the 
otheis With the onset of the period of anoxia, the rate of blood flow remained 
piactically unchanged during at least the first five minutes, and then there was a 
small but definite progressive increase in 6 of the subjects (chart 2), while m 4 
no change or even a slight decrease was obsened Two of the latter subjects were 
lather apprehensive, and previously it had been demonstrated that there was a 
significant augmentation m blood flow in the forearm merely -with the application 
of the mask (J B and ML) On readmission of room air theie was an almost 
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METHOD 

The work was perfoimed on a series of 25 subjects with iiornwl caidiovascular sy stuns 
By means of the venous occlusion plethysmograpluc method, the blood flow' in cubic centimeters 
per minute per hundred cubic centimeters of limb volume was detei mined separatch m the 
hand, the foiearm and the leg, generally two of these sites were studied simultaneously , 
according to the technic prcviouslv described r> 

The temperature of the watei in the pletln sinograph was maintained at 32 C, and the 
room temperature between 25 and 27 C In order to determine whether the subjects when 
at rest had blood flow readings which fell within the range of normal, the results obtained in 
a group of 90 persons preciously reported on 0 were utilized as controls 

In each instance the subject inhaled a constant mixture of oxygen and nitrogen m which 
the concentration of the former gas ranged between 10 5 and 9 4 per cent in the different 
experiments The gas mixture was obtained from a spirometer and an auxiliary reservoir 
and the exhaled air was automatically discharged into the room through an outlet tube and 
flutter valve Special precautions were taken to minimize the dead spice in the apparatus 
and to use a mask which fitted close to the face, so that there was little chance for loss ot 
gas mixture or for introduction of room air into the system 

The usual procedure consisted of taking 15 readings of blood flow after the subject had 
become accommodated to the emironment and w is at rest and then apple mg the mask to the 
face A similar number of detei minations was made while the subject breathed room air 
through the mask Following this, the connection between the mask and the spirometer 
w'as opened without the subject's being aware of the change, and a third set ot readings 
w'as obtained at intervals of one minute during the entire period of relative anoxia, this period 
lasted from ten to tvventv -sc\ cn minutes in the different experiments At the end of it the 
patient was permitted to breathe room air again, and then, after all readings had returned to 
normal, the mask was rcmoicd from the face, a set of determinations was made m each oi 
these periods Besides readings of blood flow, the blood pressure, the pulse rate and the 
respiratory rate w'ere recorded at short internals during the experiment 

In a number of cases the circulatory response to a period ot work was determined, first 
while the subject breathed room air, and then m the middle of the period of anoxia In each 
instance this was accomplished in the follow mg manner \ senes ot readings of blood flow 
w'ere made with the subject resting, after which the forearm tn the plctln smograph was 
exercised by' means of ipsilatcral manual compression of a blood pressure bulb connected to 
an air-filled 5 gallon (19 liter) bottle The pressure in the svstem was raised to 30 nun of 
mercury by compressing the bulb tw'cnty-fnc to thirty tunes in a period of one-halt minute 
Immediately after the termination of the exercise, readings of blood flow were taken at short 
intervals (every ten or fifteen seconds) until the flow appeared to return to the prewous control 
level From these determinations a graph was constructed, and In means ot a planiinctcr the 
quantity of blood over and bevond the amount which would ordinarih lmc entered the forearm 
at rest was obtained 5 6 7 The figure w’as expressed as cubic centimeters ot blood flow rcpavment 
per hundred cubic centimeters of limb -volume With this quantitv of work, the circulatory 
response generally lasted no longer than eight minutes As a result the exercise could be 
performed at the end of ten minutes of inhalation of the oxygen-poor gas, at a time when 
the state of anoxia w'as fully developed, and still sufficient time would be present for full 
recovery from the work to take place before the twenty to twenty'-five minute period of anoxia 
was terminated 

RESULTS 

Hand — The vasculai lesponses in the hand wete studied in 10 subjects (table 
1 , chait 1) The conti ol blood flow readings, taken wdule the patient was at rest, 
weie foi the most pait smallei than the aveiage of 9 3 cc pei minute pei hundicd 
cubic centimeters of limb volume (<r, 2 l), 8 obtained in anothei gioup of normal 
subjects This may have been due to the apprehension caused by the anticipation 

5 Abramson, D I , Zazeela, H , and Marrus, J Plethysmograpluc Studies on Peripheral 
Blood Flow in Man I Criteria for Obtaining Accurate Plethysmograpluc Data, Am Heart T 
17 194 (Feb ) 1939 Ferris, E B, Jr, and Abramson, D I Description of a New' Plethvs- 
mograph, ibid 19 233 (Feb ) 1940 

6 Abramson, D I , and Fierst, S 111 Resting Blood Flow and Peripheral Vascular 
Responses in Hypertensive Subjects, Am Heart J 23 84 (Jan ) 1942 

7 Abramson, D I , and Fierst, S M The Peripheral Vascular Response to Exercise in 
the Hvperthyroid State, J Clin Investigation 20 517 (Sept) 1941 

8 The alpha signifies standard deviation 
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immediate decrease m blood flow in those subjects who had shown an mciease, with 
a letum to the control level m five to ten minutes 

Leg — The vascular responses in the leg were studied m 15 subjects (table 3, 
chaits 1 and 3) The control readings all fell within the lange of 1 4 cc per minute 



Chart 2 — Effect of relative anoxia on the rate at which blood flowed through the forearm, 
with the simultaneous effects on the respnatory and pulse lates and the blood pressure 

\ 



Chart 3 — Effect of relative anoxia on the rate at which blood flowed through the leg, with 
the simultaneous effects on the respiratory and pulse rates and the blood pressure 


pei hundied cubic centimeters of limb volume (a. 0 5) for normal subjects On 
application of the mask, no significant change took place m the rate of blood flow 
except in 1 person (M F ), who was apprehensive and m whom an increase was 
noted with this procedure In the first file minutes of the period of anoxia no 
definite alteration m circulation v^as observed m any of the subjects (chart 3) 







TAULr 1 — Pciiphaal Vasculai Clunujn in the Hand Dumuj a Putod of Anoxia 
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Table 3 — -Penpheial Vascnlai Changes in the Leg Dm mg a Penod of Anoxia 
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lho changes la pulse rate and blood pressure recorded for these subjects are included m table i 



Table 2 — Penphetal Vasculat Changes in the Foicaim Duimg a Pcnod of Anoxia 
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Tho changes in pu)=c rate recorded for these subjects arc Included In tnhle 
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obseivation of Freeman and his co-workers that theie is a umfoim mciease in flow 
through the sympathectonnzed hand undei these cn cumstances suggests that the 
diffeient types of reactions normally elicited are m some way related to the presence 
of vasoconsti ictor neivous impulses According to Gellhorn and Steck, the 
variability in the results is due to the fact that the increased vasoconstnctoi tonus 
resulting fiom the stimulation of the vasomotor center competes with the local 
dilatoi y effect of the different metabolites formed in the piesence of oxygen 
deficiency, the rate of blood flow being detei mined by which of the two factors 
predominates We also feel, however, that the element of apprehension associated 
with the procedure, even in the case of trained subjects, plays an important role 
m this respect Another possibility which may contribute to the vasoconsti iction 
m this site is the increase m the depth of respuation frequently noted m the latter 
portion of the anoxic state, for a deep breath by itself has been shown to produce 
a maiked decrease m blood flow through the fingers 10 Because of all these com- 
plicating factors, the responses of the vessels m the hand to a lack of oxygen cannot 
be considered to be representative of peripheral blood flow and hence should 
net be given much significance as far as general responses are concerned 

With respect to the lesults in the forearm and the leg, it can be stated that m 
the majority of the cases a small but definite and progressive increase in peripheral 
blood flow was observed during the period of relative anoxia Of interest m this 
respect are the findings of Grollman, 11 who investigated the circulatory effect of 
a senes of oxygen and nitrogen mixtures He noted that no change m caidiac 
output took place until the oxygen had fallen to 11 6 per cent, when the concen- 
tiation dropped below this point, the readings for the minute volume output rose 
lapidly These findings have since been confirmed by a number of investigators 12 
It is quite possible, therefore, that since approximately a 10 per cent oxygen 
mixture was used in the present study, the increase m blood flow m the foreaim 
and the leg resulted m part, at least, from an augmented cardiac output elicited 
by the lack of oxygen Further, the alteration m circulation may also have been 
due to the local vasodilatory effect of want of oxygen on the vessels themselves 
A complicating consideration is the fact that under the influence of anoxia the 
respiratory minute volume increases and consequently carbon dioxide will be blown 
off m gi eater than normal amounts, this in turn lesulting m a state of acapnia 
It is possible that under such circumstances there might be a decrease m venous 
return to the heart due to a reduction m the tonus of striated muscle as well as 
m the tone of the vasomotor center, this -would eventually manifest itself m the 
form of diminished peripheral circulation However, since the opposite response 
was observed, it can be inferred either that this factor did not play an important 
role m altering the blood flow under the present experimental conditions or that 
the increased cardiac output elicited by the anoxia more than compensated for any 
decrease that might have resulted fiom the acapnia alone 

The finding that the pulse rate increased almost at once" while the changes m 
blood flow were first noted five to ten minutes after the onset of anoxia suggests 

10 Muhnos, M G, and Shulman, I The Effects of Cigarette Smoking and Deep Breath- 
ing on the Peripheral Vascular System Studied by Five Methods, Am T M Sc 199 708 
(May) 1940 

11 Grollman, A Physiological Variations of Cardiac Output in Man The Effect of 
High Altitude on Cardiac Output and Its Related Functions, Account of Experiments Con- 
ducted on Summit of Pike’s Peak, Colorado, Am J Physiol 93 19 (Mav) 1930 

12 (a) Asmussen, E, and Chiodi, H The Effect of Hypoxemia on Ventilation and Cir- 
culation in Man, Am J Physiol 132 426 (March) 1941 (b) Wiggers, C J Cardiac Adap- 

tions in Acute Progressive Anoxia, Ann Int Med 14 3237 (Jan ) 1941 
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Then, in 11, the late of blood flow began to mciease, and the augmented circulation 
was maintained dm mg the lemaindei of the period, with readmission of loom air 
into the system, the flow quickly leturned to the pieMOus conliol Ie\ el (charts 1 
and 3) In 4 of the subjects, no leal alteiation m cnculalion thiough the leg was 
noted dui mg oi aftei the anoxic penod These findings to some extent are similar 
to those of Lennox and Gibbs, 0 who studied changes in arteriovenous oxygen 
differences in blood fiom the leg following inhalation of oxygen-poor gases The} 
found that pionounced anoxia lesulted m an increased flow in tins \ascular bed 
while with a mildei foim a deciease was noted, the latter obscnation being difficult 
to explain, accoidmg to these mvcstigatois 

With lespect to the other detei mmations it w.is found that in evciy instance 
the pulse late began to use almost unmediateh aftei the onset of the period of 
anoxia (chaits 1, 2 and 3), the maximal aveiage acceleration for the gioup being 
27 beats pei minute As soon as this period was tcimmatcd the pulse late quickl} 
fell, m some instances tempoianly i caching a lower le\cl than that obscned at the 
beginning of the expenment The effect on blood piessmc was much less marked 
(charts 1, 2 and 3) In 5 instances no change in the s\stohc lc\el took place, while 
in the lemaimng 16 cases theie was an a\eiagc use of 6 mm of mercun The 

Table 4 — Pcnphnal Vascular Response to Eaocisc Durinci Anoxia*' 
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* Tho pressure in n 5 gallon bottle wa' rni'cd to "0 mm of mercury in each instance by the subject’: 
compressing a blood pressure bulb twenty 'even to thirty times In approximate)} one hnlf minute 

t This means the excess quantity of blood for each 100 cc of limb volume entering the extremity during 
tho period of recover} 

diastolic level, foi the most pait vancd insignificantly The lespiratory rate eithei 
incieased or decieased somewdiat (charts 1, 2 and 3), the respiratoiy incitements 
generally being of somewhat gi eater amplitude in the latter part of the anoxic 
period Except foi occasional complaints of light-headedness and headache and 
some cyanosis of the face and hands, the subjects expenenced no untoward effects 
fiom the inhalation of the oxygen-poor gas mixtuie 

Circulatoi y Response to Exctcise — In the 3 subjects m whom the lesponse 
to a definite quantity of exeicise in the anoxic state was studied, the blood flow 
repayment was eithei somewdiat oi definitely greatei than that obtained m the 
conti ol penod (table 4) Furthei, the first few readings obtained immediately aftei 
the exercise was terminated levealed that the blood flow 1 ' generally rose to a highei 
level than was observed duung the conti ol penod The period of lecotery was 
also a little longer 

COMMENT 

It is obvious that the lesponse of the blood vessels of the hand to acute 
general anoxia is variable, oui findings m this lespect being sinulai to those 
of Freeman and his associates 2 and of Gellhorn and Steck 3 In contrast, the 

9 Lennox, W G, and Gibbs, E L Blood Flow in the Biam and the Leg of Man, and 
the Changes Induced by Alteration of Blood Gases, T Clin Investigation 11 1155 (Nov I 19o2 
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Associated with the increase in the blood cn culatmg thiough the foieaim and 
the leg weie a significant augmentation m pulse late, a slight elevation of systolic 
blood pressui e and vai lable changes m the 1 ate of respiration 

The cn dilatory response to a period of exercise during the inhalation of the 
oxygen-poor gas was compared with that obtained under normal circumstances 
The lesults were mtei preted to indicate that the compensatoiy adjustments to 
woik m a state of relative anoxia were not as adequate as those elicited normally 
The possible mechanisms lesponsible for the cnculatoiy changes piesent during 
a period of anoxia aie discussed 

Dr Karmllo Flachs and Dr Sidney M Fierst cooperated in this study, and Mis Robert 
Senior and Mrs William Littleford ga\e \aluable technical assistance 

19 Garfield Place 
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that theie was no causal 1 elation between these two factois Furthei, it does not 
seem as though the alteiation in pulse l.ite was dependent on want of oxigen in 
the tissues, since it appealed much befoie this state could hate been leached The 
change can moie likely be explained on the basis of central stimulation icsulting 
m increased acceleratoi nei\e activit} and deci eased vagal tone Finalh, the 
observation of Schmidt and Comioe 1J that in animals low oxygen tension pioduces 
acceleiation of pulse only m the presence of intact chcmoreceptoi s of the caiotid 
body may also apply to this condition in man 

The fact that a gieatei than 50 per cent decicasc in oxjgen content (from 
20 9 pei cent in air to 10 per cent in the mixture) pioduced only a moderate change 
m penpheral blood flow is leadily undci standable if one consideis that in the normal 
subject undei lesting conditions only a small proportion of the total quantity of 
oxygen in the aitenal blood is l emoted m passage through the vessels of muscles 
It w r ould be expected, theiefoie, that duimg anoxia of the degree utilized in the 
piesent study theie ivould be no necessit\ foi a marked increase in the rate of 
penpheial blood flow r in oidei to satisfy the oxtgen requirements of the lesting 
tissue^ 

The findings with excicise aic in accoid with the aforementioned new As 
previously repoiled, 7 the magnitude of the postexcrcisc blood flow lcpajment is 
an indication of the efficiency of the compensatory mechanisms elicited during the 
period of wmrk and also of the metabolism of the tissues imohed In other words, 
the perfoi mance of a specific amount of woilc requires the expenditure of a certain 
amount of energy, the latter being restoied through the nutritnc materials in the 
blood stream In ordei to effect this, there is a local increase in the blood flowing 
thiough the tissues both during the actual woik and in the postcxcicise penod 
On the basis that the metabolism of the tissues does not change significant!} during 
a shoit period of relative anoxia, om findings with exercise assume some sig- 
nificance The fact that a gi eater postexercise blood flow repajment was elicited in 
the case of the work perfoi med under want of oxygen indicates that the compen- 
satory mechanisms functioning during the exercise were not as adequate as under 
normal conditions, and hence a gi eater portion of the blood flow debt had to be 
lepaid subsequently Since one of the adjustments called foith by exercise is an 
uici ease in the utilization of aiteiial oxygen, it can icadily be seen that dining w r ant 
of oxygen the quantity of this gas obtained m this manner might not be as gieat as 
under ordinary conditions Theiefore, the inci eased amount of ox} gen lequired 
during work would have to be satisfied by a gi eater than noimal augmentation in 
the late of penpheial blood flow r 

SUMMARY AND CONCLUSION 

The effect on the penpheral cnculation of a penod of relative anoxia w'as studied 
in a series of 25 normal subjects by the venous occlusion plethysmograplnc method 
The inhalation of an' oxygen-poor gas mixture (appioximately 10 per cent oxygen 
and 90 per cent nitrogen) foi peiiods of from ten to twenty-seven minutes pio- 
duced a small but definite increase in the rate at which blood flowed through the 
forearm and the leg in the majonty of subjects and generally a deciease in the 
circulation m the hand In view of the fact that the vessels m the hand lespond 
to all types of vasoconstrictmg stimuli, the results obtained dining the period of 
anoxia were not given much geneial significance 

13 Schmidt, C F , and Comroe, J H , Jr Functions of Carotid and Aortic Bodies, 
Physiol Rev 20 115 (Jan) 1940 
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MATERIAL STUDIED 

The coronary arteries of 135 selected hearts were caiefully studied Ninety per cent of 
the patients had been more than 40 years of age at the time of death Standard piocedures 
of examination were carried out In addition, a special method of treating aiteries which 
were suspected of being involved by recently occluding lesions was employed These aitenes 
were dissected intact from the hearts, fixed, dehydrated in alcohol and finally cleared in 
pure benzene as a preliminary step to the cutting of segments for embedding in paraffin 
This procedure facilitated the location of proper sites for sectioning without distortion oi 
the tissue, which is rendered friable by hemorrhagic lesions Intirhal hemorrhage was 
obsei \ ed in 54 of the 135 cases (40 per cent) The hemorrhagic lesions 6 ranged from 
2 oi 3 mm in diameter to massive processes which extended several centimeters along the 
course of an aitery and caused collapse of the intima and resultant obliteration of the lumen 



Fig 1 — The lumen, a, of this coronary arteiy has been almost obliteiated by an mtimal 
process which consists of large lipoid-containing cells, elements of organization and hemor- 
rhage Many young capillaries are present among the lipoid-containing cells, b, and theie 
are a few scattered lymphocytes Hemorrhage, c, is relatively minimal There was no 
coronal y thrombus, although the patient died during a severe attack of angina pectoris 
Changes indicative of recent myocardial infarction were not obsei \ed (X 14) 


Among the mdmdual arteries examined were 20 m wduch recent occlusion w’as found, and 
in at least 9 of these the occlusion had been directly pioduced by hemorrhagic arterial 
lesions Similar lesions w'ere present in the other 11 occluded aiteries, but associated arterial 
thrombi w r ere considered the direct cause of occlusion Many organized hemorrhagic lesions 
w r ere observed, particularly m arteries m cases m which healed or chronic myocardial infarcts 
w r ere found That these lesions had contained extravasated blood was determined b\ the 
presence of phagocytosed iron pigment 

6 The term “hemorrhagic lesion” is used m preference to “mtimal hemorrhage” tp aioid 
the assumption that hemorrhage is the cause of artenal occlusion 
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Seveial types of acute occlusion of the coionai) ai tones bate been described 1 
Interpietation ot the pathologic changes associated with the moie familiar ioim, 
usually accompanied bj aitenal thiombosis, has not resulted in a clear undei stand- 
ing of the basic factors imohed In recent _\eais moie emphasis has been accoided 
to the hemonhage m the intimal and subintimal lajcis of the occluded arteries 
and seveial authois hate attached gieat importance to this phenomenon m the 
mechanism of coionart occlusion* llus li.is icsultcd paith from a relatneh 
new intei pi etation of the ongin and significance of hemonhage m the walls of 
small artenes“ It had geneialh been considcied that cxtratasaled blood in this 
location eithei was dented from the lumen of the aitciv or occuried as a icsult 
of inflammatory exudation 1 Latch it has been demonstrated that in most instances 
mtiamural hemoirhage of the coronait alien anses irom the ta^ciilai channels ot 
the mtima, these being especialh numeious in the neighborhood of atheromatous 
plaques 5 According to the recent theoiics, which deal with the relation of stib- 
mtimal hemorrhages to acute occlusion of the coionan aitciy, bleeding from these 
tiny channels causes aiterial occlusion eithei dnecth b) pressure of the resulting 
hematoma 2d or indirectly by pi capitation of a thrombus ncai the site of the 
hemonhage Among the factois acting to pioducc such hemorihages, it has been 
proposed that fluctuations in blood pressure play an important pait 2t 

' r Section on Cardiologi, Ma}o Clinic 

This article is an abridgment of a thesi« submitted to the Facult} of the Graduate 
School of the Unnersity of Minnesota in initial fulfilment of the icnuircments for the 
degree of Master of Science in Medicine 

1 (a) Benson, R L The Present Status of Coronmj Arterial Disease, Arch Path 
2 876-916 (Dec ) 1926 ( b ) Faulkner, T M , Marble, H C , and White, P D The Differ- 
ential Diagnosis of Coronary Occlusion and of Cholelithiasis, T A M A 83 20S0-20S2 
(Dec 27) 1924 ( c ) Hatnman, L The S'mptoms of Coronar\ Occlusion, Bull Johns 
Hopkins Hosp 38 273-319 (April) 1926 

2 (a) Paterson, J C Vascularization and Hcmonhnge of the Intinn of Arterio- 

sclerotic Coronary Arteries, Arch Path 22 313-324 (Sept) 1936, (b) Capillar} Rupture 
with Intimal Hemorrhage as a Causative Factor in Coronary Thrombosis, ibid 25 474-4S/ 
(April) 1938, ( c ) Some Factors in the Causation of Intimal Haemorrhages and in the 
Precipitation of Coronary Thrombi, Canad M A J M 114-120 (Feb) 1941 ( d ) Wait- 

man, W B Occlusion of the Coronary Arteries b} Hemonhage into Their Walls, Am 
Heart J 15 459-470 (April) 1938 ( c ) Horn, H , and Finkelstein, L E Arteriosclerosis 
of the Coronary Arteries and the Mechanism of Their Occlusion, ibid 19 655-682 (June) 
1940 

3 Winternitz, M C , Thomas, R M , and LeCompte, P M Studies in the Pathology 
of Vascular Disease, Am Heart J 14 399-404 (Oct) 1937 Nelson, M G Intimal Cor- 
onary Arterv Haemorrhage as a Factor in the Causation of Coionary Occlusion, J Path 
& Bact 53 105-116 (July) 1941 Paterson (footnote 2 a, b and c ) 

4 (a) Leary, T A^ascularization of Atherosclerotic Lesions, Am Heart J 16 549-554 

(Nov ) 1938 ( b ) Boyd, A N An Inflammatory Basis for Coronary Thi ombosis, Am 

J Path 4 159-166 (March) 1928 Benson la 

5 Leary, T Atherosclerosis Special Consideration of Aortic Lesions, Arch Path 21 
419-458 (April) 1936 Paterson (footnote 2 a, b and c ) Horn and Finkelstein 2e Leary 43 
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elements as laige lipophages 01 then granulai lemnants, lymphocytes, fibroblasts 
chains of endothelial cells and hemoirhage in vanous stages of dissolution and absorp- 
tion Cholesteiol crystals weie not so prevalent m these as in older lesions Essen- 
tially the same pictuie was to be found at othei levels of an involved aiteiy, in vai) mg 



Fig 3 — Two levels of a coionary artery illustrating the lelationship of a thiombus to 
a hemonhagic arterial lesion Upper The section was made near the head of the throm- 
bus, a, which was originally adherent to the arterial wall and o\erlay the mtimal change, b 
Lower At the lover level the mtimal change is more ad\anced 


degiees of advancement, sometimes with little, if am accompanying hemorrhage 
At no point did the quantity of extiavasated blood seem commensurate with the 
size of the lesion as a whole In fact, a few laige occluding lesions were obseived 
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Wheievei hemonhage was cncounteiccl m the ultima ot a corona t} arten, 
coexistent clegeneiative changes weie to be found which in most cases denoted 
an active pathologic piocess The imohed poition of intima was thickened, and 



Fig 2 — Upper and lower Two levels of a coronary arterj mvohed throughout almost 
its entire course by a hemorrhagic piocess The lumen, a, which was obliterated at some 
levels, was filled with either a late antemortem or a postmortem thrombus Most cellular 
elements had been destroyed, but large blotches of lipoid substance, b, probably represent 
residua of lipoid-containing cells In isolated areas the lesion is stained with hemoirhage, c 


the planes of tissue w^eie sepaiated, distorted and geneially displaced tow^aid the 
lumen of the artery The intei stices of the mtimal connective tissue contained such 
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Lesions of the fiist gioup (figs 1, 2 and 3) weie encounteied most frequently, 
attained the gieatest size and weie the pathologic finding m all but 2 of the 9 
instances m which acute coionaiy occlusion had been pioduced dnectly by heinoi- 
rhagic artenal lesions The largest lesions extended along the greatei poition 
of the artery, leplaced its lumen and in consistency and gross appearance somewhat 



Fig 5 — An unusual type of liemorihagic lesion Upper Gross appearance of the 
hemorrhagic lesion, a, as brought out by a clearing method Lower Microscopic appeal - 
ance, the lesion, b, consisted of hemorrhage, lymphocytes, endothelial cells, phagocytosed as 
blood pigment and young capillanes The reduced lumen, c, partially obstructed by a mural 
thrombus, d, may be noted The heart in tins case w r as invohcd by an acute myocardial 
infarct 

resembled tecent thiombi Sections of these lesions were obseived micioscopicallv 
to consist principally of laige lipoid-containmg cells or their granular remnants 
The latter, which w r eie composed of lipoid globules, frequent!} retained the general 
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which, although accompanied by a lelatnel) small amount of hemonhagc, weie 
nevertheless the only appaient cause of acute ni)ocardial infarction in some cases 
01 of sudden death dui mg attacks of angina pcctons m otheis Such lesions 
retained then cellulai configuiation moie completely, but weie alteied In mailing 
degiees of eail) oigani/ation 

It did not seem logical fiom any standpoint to assume that hemoirhage was the 
pnmaiy factoi m the pioduction of these occluding lesions Ail) expanding mtimal 
piocess, w hatevei its natuie, of necessity develops a piessure equal to 01 gi eater 
than that of the blood within the arterial lumen The piessuic of blood within 
the coronaiy arteries in all probabiht) sui passes that within nucioscopic intnnal 
blood channels, even though some 01 all of them should niise fiom the aitcnal lumen 
itself It also seems piobable that the quant it\ of extiavasated blood in the lesions 
observed was a measuie of the numbei of capillancs and vasculai spaces disrupted 
b) the pnmaiy pathologic condition then contents dill using into neighboring 
poitions of the ultima but not bleeding activel) into it 



lug 4 — The lumen, a, of this coronarv artcrj was displaced and oblitciatcd (at a lower 
lea el) bj a hemoirhagic mtimal process, b, consisting of fibrillai intnnal change, hemorrhage, 
elements of organization and hmphocjtic proliferation Mmal thrombosis is present in the 
main arteiy as well as in its adjacent branch, c In the latter, d, however, the mtimal change 
has not become hemorrhagic, although in other respects it was similar The pathologic 
change began well away from the lumen, separated from it by normal mtimal tissue Nil 
acute mvocaidial mfarct resulted from this lesion 


Aitenal thrombi when piesent weie imaiiably associated with hemoirhagic 
lesions In each instance of an artenal thiombus, examination of the aitenal w r all 
along its course levealed the type of mtimal change that has been described accom- 
panied by hemoirhage Muial thiombi weie usually attached to the endothelial 
surface oveilymg these lesions, and it w'as noted with interest that they overlay the 
lesions m their entirety and weie not confined to aieas of hemoiihage, this finding 
fuithei substantiates the conception that hemorrhage m itself is not the most 
significant factor m the pathologic condition represented 

The three general gioups of recent hemoiihagic arterial lesions encounteied 
were ( 1 ) those in which hemoiihage was i elated to the presence of numerous 
lipoid-containing cells, ( 2 ) those chaiactenzed by hemoirhage in association with 
proliferative mtimal changes and ( 3 ) those in which small hemoirhages were 
adjacent to calcified plaques 
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mtei mingled with extravasated blood in the mtimal stioma, although consideiable 
vanation was present in the piopoition of cell types among the different lesions 
Aitenal thrombosis also was fiequently related to lesions of this type 

The third group of lesions (fig 6 ) was chai actei ized by small localized hemoi- 
rhages, usually adjacent to calcified plaques These lesions weie not associated 
with acute artenal occlusion or thiombi and w^ere seldom lecogmzed giossly 
Lipoid-contammg cells were absent, and the degiee of organization was vanable 
The relationship between these lesions and the calcium deposits was not clear 
The process w^as appai ently one of low r grade activity and resulted m dense, calcified 
lesions In general, this type of lesion w^as present among the oldei patients 

COMMENT 

The gioupmg of these lesions is geneial because it w r as not possible to divide 
them into cleaicut types An attempt has not been made to interpret the signifi- 
cance of the wide variation in the pathologic pictuies among the lesions, except to 
consider it as representing giades of activity This may be true to only a limited 
extent Wherever mtimal hemoirhage occuued, however, theie appealed to be 
ample basis foi it in the accompanying pathologic picture, and the elements which 
composed that picture were mterpieted as being responsible not only for the hem- 
orrhage but also for the associated occluding phenomenon and any coexistent 
thrombi 

SUMMARY AND CONCLUSIONS 

Hemoirhagic lesions w^ere obseived in the walls of the coionaiy aitenes m 
54 of 135 hearts (40 pei cent) and weie directly or indirectly related to acute 
occlusion of the coronaiy aiteiy in 20 The lesions weie characterized by hemor- 
lhage associated with the presence of large lipoid-contaming cells, prohfeiative 
mtimal changes and organization Smaller, less active lesions usually were found 
adjacent to calcified plaques The mtimal changes that coexisted with the hernor- 
lhage appeared to represent the piimaiy factor in the pathologic condition, the 
hemoirhage was secondaiy It does not seem logical, moieovei, that hemoirhage 
m itself can have pioduced the effects obseived 

Mayo Foundation 

Mayo Clinic 



600 


IRC I I IV ES or IN TERR IL MEDICINE 


outline of the cells Extiavasated blood was mvanably piescnt It the compiessed 
aitenal lumen was not obliteiated, it eithei lemamed patent 01 was obsti ucled 
by a thrombus 

A few of the lesions of this group m which cellulai configuiation was onl} 
slightly alteied w r ere considered as lepiesentmg less active piocesses In these 
such oigamzation as w r as piescnt was eaih and minimal and much of it was 



Fig 6 — Upper and lower Small hemorrhages, a, that were commonly seen m relation 
to calcareous plaques and w'eie not associated with acutely occluding lesions 

far enough removed fiom hemorihage to be considered independent of it Chains 
of endothelial cells extended among the lipoid-containing cells, and lymphocytes, 
fibroblasts and other wandering cells weie present 

The second gioup of lesions (figs 4 and 5), in which hemoirhage was asso- 
ciated with more conspicuous proliferative changes, appealed to repiesent a lov r ei 
grade of activity than the fiist gioup The large lipoid-contaming cells w r ere 
absent Lymphocytes, young capillanes, fibi oblasts and endothelial cells w r eie 
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quently ovei a two year peuod, with good response Duiing the year pnor to admission 
the patient had again become dyspneic and edematous Edema of the face had appeared 
four to five days before admission, when the swelling of his legs was so marked that fluid 
began to ooze Inquny revealed that his diet over several years had consisted of polished 
rice, white bread and Chinese vegetables, with occasional fish and pork, and had rarelv 
included fiuit 

Physical Examination — On admission the rectal temperature was 366 C (97 9 F), the 
pulse rate 60 per minute, respirations 20 per minute and the blood piessure 126 systolic and 
80 diastolic measured in millimeteis of mercury There were slight cyanosis of the lips and 
nail beds, massive anasarca and marked exeitional dyspnea but no orthopnea The skin of 
the entire body was dry and scaling Over the distal portion of the extremities there were 
irregular macular patches of brownish discoloration with marked thickening and lichenifi- 
cation There was fissunng of the skin at the commissures of the mouth and over the 
bridge and at the lateral angles of the nose About the external nares were small, reddened 
areas of ulceration Marked edema of the eyelids was present, the conjunctivas were 
engorged and discharged thick purulent material The sides of the tongue were smooth 
and reddened Over the lower lobe of the right lung there was slight dulness, and a few 
crepitant rales were audible at the base of each lung The apical impulse of the heart 
was diffuse and was located m the left midaxillary line On percussion the heart was 
enlarged both to the right and to the left The cardiac sounds were distant and the rhythm 
totally lriegular, and a soft systolic murmui was heard at the apex The peupheral pulses 
were synchronous and equal, the vessels pliant There was moderate venous engorgement 
with the edge of the liver palpable 7 cm below the costal margin, and there was evidence 
of ascites The spleen was not palpable There was partial phimosis, and thick, greenish, 
puiulent material covered the glans penis Edema of the legs was marked, with fluid oozing 
through superficial cutaneous ulceiations There was also edema of the aims and forearms 
On neurologic examination there were generalized hyperesthesia to pinprick and tenderness 
of the calves and soles of the feet, and the ankle jerks were absent Vibiation and position 
senses were pieserved, and the plantar lesponses were flexor 

Laboratoiy Data — Urinalysis levealed a positive reaction for albuminuria (3 plus) but 
no sugar, cells or casts Examination of the blood revealed IS Gm of hemoglobin per 
hundred cubic centimeters, 5,800,000 red cells, 9,600 leukocytes, a normal smear and differ- 
ential count, a negative serologic reaction foi syphilis (Kline test), 5 9 mg of serum proteins 
pei hundred cubic centimeters, 21 mg of uiea nitrogen per hundred cubic centimeters, an 
icteric index of 17 and 140 mg of serum cholesterol per hundred cubic centimeters Gono- 
cocci were not found m cultures of the urethral discharge Gastric secretion contained 70 
degiees of free hydrochloric acid after stimulation with histamine Intravenous administra- 
tion of 1,000 mg of ascorbic acid yielded only 31 mg in the urine during the test period 
The vital capacity was 1,100 cc 

An electrocardiogram showed marked light axis deviation Auriculai fibrillation was 
present, wuth occasional ventricular prematuie contractions The form of the T waies 
and the RT segments suggested myocardial damage but may have been due in pait to 
recent administration of digitalis Circulation time measured by sodium dehydrocholate was 
tw'enty-one seconds, and venous pressure w r as 210 mm of solution of sodium chloride on 
direct measurement A teleoroentgenogram (fig 1) showed a small amount of fluid at the 
base of the left lung but gave no suggestion of parenchjmal disease The heart w'as enlarged 
in all diameters 

Coutse of Illness — Ten milligrams of thiamine hydrochloride was gnen intra\enouslv for 
three days, in addition to the daily oral dose of 60 mg The parenteral dose was then increased 
to 50 mg foi eighteen days after which interval it W'as discontinued During this regimen there 
was no change m symptoms, physical signs or the electrocardiographic pattern Nicotinic acid 
was then employed, and the cutaneous lesions improved slightly, but at this time the \entricular 
rate increased to 104 per minute and the patient appeared more acutely ill After the mtra- 
musculai administration of 5 cc of a 10 per cent solution of digitan the apical rate decreased 
to 30 per minute A diet high in vitamins supplemented with parenteral administration of 
vitamin preparations was begun In addition, ammonium chloride and mercupurin were 
administered, and prompt diuresis resulted Over a ten daj period the body weight decreased 
from 64 to 54 Kg, wuth loss of edema When the heart late again became rapid, digitalis w r as 
given by mouth and the ventricular rate was maintained at 70 per minute b} suitable doses 
Auricular fibi illation persisted The cutaneous lesions improied gradually and the ulcerations 
on the legs healed During the last month of life brewers’ least was gnen m daih doses 
i an mg from 18 to 24 Gm, in addition to an oral dose of 30 to 60 mg of thiamine hvdro- 
chlonde Oil the fift\ -third dai of hospitalization the temperature rose sharph to 39 C 
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Caicliac failure in young pci sons lacking the usual Katin cs of oiganic heart 
disease or associated renal lesions has fiequenth been ascribed to isolated 
(Fiedler’s) myocarditis A stud) of the reported cases of isolated nnocarditis 
indicates a heterogeneous disease group 1 elated to known and to unknown mtec- 
tious or toxic agents Some changes aic fiankh mfUmmator) , others-degeneratne, 
some are acute, otlicis subacute or chronic Within the past few >ears CMdence 
has accumulated that dietaiy dcficicnc) can cause clinicall) c\idcnt heart disease 
which hitherto mat ha\e fallen into this \aguch defined classification With 
advancing knowledge it becomes dcsuable to dissociate this gioup into moie 
sharply defined U pes 

Recently we encountered 3 cases in which the patients died in the hospital 
of congestive failuie of obscure ongin In all cases the patients were caretull) 
studied during life and examined post mortem Clinically and pathologicall) these 
cases resemble each othei closcl), and without recourse to the clinical Instore the 
anatomic diagnosis might well ha\e been isolated nnocarditis Rcmcw of the his- 
tory, clinical course and histologic data, however, suggests the possibility that the 
changes might have been due to long-continued dietar) deficiency 01 defect m 
the absorption or utilization of ccitain accessor) food factors Similar lesions 
including marked cardiac hypertrophy and mural thrombosis, ha\e been ascribed 
to beriben heart by Dock 1 They differ from those of acute beriberi heart 
adequately described by Wenckebach - and by Weiss and Wilkins 3 

REPORT or THREE CASES 

Case 1 — History — B M, a 40 vear old Chinese man, was admitted to New "iork 
Hospital on March 22, 1941 In 1933 the patient had lost 60 pounds (27 Kg) in weight 
over a three month period A roentgenogram rcecalcd an enlaigcd heart and w r as sugges- 
tive of pulmonary congestion The blood pressure w'as 110 svstolic and 80 diastolic measured 
in millimeters of mercury After restricted use of meat and salt the patient’s weight decreased 
further to 135 pounds (61 Kg) In 1936 edema of the ankles and nonproductive cough 
had appeared Administration of a proprietary preparation of strophanthus and squill caused 
edema to disappear and relieved the cough He had remained fairh w r ell during the subse- 
quent three years When edema icappeaicd, mersalyl-theophylline solution w'as given fie- 

From the Department of Medicine and the Department of Pathology of the New \oik 
Hospital and Cornell University Medical College 

1 Dock, W Marked Cardiac Hypertrophy and Mural Thrombosis m the Ventricles in 
Beriberi Heart, Tr A Am Physicians 55 61, 1940 

2 Wenckebach, IC F (a) Das Ben-ben Heiz, Berlin, Tubus Springer, 1934, (6) The 
Riddle of the Beriberi Heart, in Contributions to the Medical Sciences in Honor of Dr Emanuel 
Libman, New York, International Press, 1932, vol 3, p 1198 

3 Weiss, S , and Wilkins, R W The Nature of the Cardiovascular Disturbances m 
the Nutritional Deficiency States (Benbeii), Ann Int Med 11 104, 1937 
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few monoc 3 tes and an occasional eosinophil were identified (fig 2D) The lungs were 
congested and edematous In the lower lobe of the right lung a small infarct was undei going 
organization There was a thrombosed artery, and in the surrounding area were collections 
of large mononuclear cells containing golden vellow pigment Similar cells were also 
encountered in smaller number m the alveolar spaces The capillaries of the aheolar septums 
were engorged Chrome passive congestion w r as also e\ident in the liver and the pancreas 
with slight increase m fibrous tissue in these organs The spleen, kidnevs and gastrointestinal 
tract also revealed passive congestion A section of skin taken from the area of ensipelas 





Fig 2 (case 1) — Several sections of the myocardium Part A illustrates the “moth-eaten” 
appearance of the muscle fibers and the engorgement of the smallest vessels (venose Stauung 
of Wenckebach) Part D illustrates a small focus of cellular infiltration 

show'ed diffuse suppurative inflammation of the corium with large numbers ol polymorpho- 
nuclear leukoevtes m microscopic abscesses Sections from deeph pigmented areas of the skin 
showed thickening of the epidermis with hyperkeratimzation The papillae were irregular 
There was an increase m the number of melanin-containing cells, and the pigment was also 
seen m large amounts m the squamous plates, a change regarded bv Moore and Spies 4 as 
characteristic of pellagra 


4 Moore, R A , and Spies, T D Personal communication to the authors 
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(1022 F) A red, swollen, shaiply circumscribed area, typical of erysipelas, appeared on 
the face The patient died suddenly the same day, May 12 

Ncoopsy— Gross Examination The right and the lcit pleural ca\it\ contained 150 cc 
and 100 cc, lespectively, of clear straw-colored fluid and the peritoneal cavitv contained 
600 cc The heart weighed 650 Gm, the chambers of both the right and the lett \cntnclc being 
greatly distended, their walls measured 5 nun and 10 mm, rcspcctivclv The myocardium 
of both ventricles was soft and red brown On cut section congestion of the my ocardial vessels 
was conspicuous The endocardium of the left -ventricle was thickened and contained one large 
area measuring 3 hi 1 cm m wlueh the increase in fibrous connective tissue measured 1 mm 
in thickness Similar but smaller gray -white elevated patches were present m other places A 
dry, friable tlnombus was loosely attached to the pectinate muscles of the anterior and apical 
parts of the left ventricle The right ventricle, especially the conus arteriosus, was markcdlv 
distended In this chamber there were a few patchv areas of fibrous thickening ot the endo- 
cardium similar to those seen in the left ventricle The right auricle was moderately dilated 



Fig 1 (case 1) — A teleoroentgenogram taken three davs after admission, showing a heart 
shadow enlarged both to the right and to the left, reaching the left lateral wall of the c les 
at the eighth rib posteriorly This shadow obscures the lower portion of the left pulmonary 
field, but in addition there is increased density at the left costophremc angle A kymogram 
was abnormal only' in flattening of the waves at the apex of the licai t This roentgenogram, 
as were all others leproduced here, was made at a 2 meter distance 

and a mural thrombus measuring 8 bv 6 cm in its greatest diameters adhered firmly to 
the auricular appendage The left auricle and the valve leaflets were not altered 

Microscopic Examination Sections of the myocardium showed a fine vacuolization ot the 
muscle fibers in focal areas (fig 2 A and C ) There were only a few small areas in which 
the change similar to that designated by Wenckebach 2 as hvdropic degeneration was noted 
There was marked increase in fibrous connective tissue, and wide bands of connective tissue 
separated the muscle bundles m many' places (fig 2 B) In other areas theie was merelv 
slight interstitial edema The smaller vessels, including capillaries of the mvocardium, were 
engorged (fig 2 C) The fibrous thickening of the endocaidium observed in the gross specimen 
was striking in the sections (figs 2 B and 3) Occasional islands of lvmphoid cells with a 
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Comment This 40 yeai old Chinese man had symptoms and signs of con- 
gestive heait failuie with i emissions extending o\ci an eight ycat period His 
diet had been deficient at least during the penod marked by heart failme The 
changes in the skin weie those of pellagia, and the lesions about the mouth indi- 
cated ai lboflavinosis Appiopnate thciap) failed to influence the course of illness, 
and death occurred after the development of ciysipclas 

In addition to chronic passne congestion, autops) showed an enlarged, greatly 
dilated heait The conspicuous microscopic change was endocardial fibrosis m 
addition to myocatdial fibiosis, slight focal l)mphoid infiltration and macular 
engorgement of the myocaidnim “Hydropic degeneration,” although picscnt, was 
inconspicuous Tluombi were encountered in the light atincle and the left \cntndc. 
and a pulmonary infarct was evident 



Fig 3 — A, a section of normal heart muscle, showing the delicate appearance of norma 
endocardium, measuring onl} one to two cell lasers in thickness B, section of muscle irom 
the heart of the patient m case 1 Conti ast the extensive thickening of the endocardium 

Case 2 — Hisloty — R I , a 35 year old married Italian milliner, was admitted to Xew York 
Hospital on Sept 1, 1940, because of dyspnea of five months’ duration At the age of 19 he 
had had “nephritis” characterized by albumin and casts in the urine which had cleared 
entirely two years before admission 

The present illness had extended over a nine month period, beginning with nonproductive 
cough and pain in the anterior portion of the chest on the right side He had not had 
hemoptysis or symptoms of pulmonary tuberculosis Four months after onset he had noted 
palpitation and a rapid pulse, and a teleoroentgenogram showed slight cardiac enlargement The 
patient is said to have received digitalis, qumidine and salicylates for alleged rheumatic carditis 

Two months before admission, while the patient was convalescing, the nonproductive cough 
had returned One week before admission dull pain had occurred in the midscapular region 
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of the bedclothing leaving pit marks The patient died quieth on September 11, the tenth 
da\ of hospitalization There had been no response to thiamine or dietary measures 

Ncci opsy — Gross Examination The peritoneal cavit\ contained 500 cc of clear yellowish 
liquid, but the other cavities did not contain excessive amounts of fluid The heart weighed 
500 Gm The right auricle w^as slightly dilated, and its muscular wall w ; as slightly thickened 
The wall of the right ventricle measured 5 mm in thickness, and its lumen w’as moderateh 
enlarged The mvocardium of the left ventricle was not thickened, but the chamber was 
greatly dilated Thrombi w'ere encountered in the right auricular appendage and in the 
columnae carneae of the right ventricle, but m greatest numbei in the apical half of the left 
ventricle The septal endocardium contained large patchy areas of fibrous thickening (fig 5) 
The %al\e leaflets were normal The coronaiy arteries and the aorta w'ere delicate and free 
of intimal or medial change The coronarv \eins were dilated There w'as no evidence of 
actne tuberculosis No intrinsic lesion of the gastrointestinal tract w 7 as encountered 



Fig 6 (case 2) — A microscopic section of the myocardium, illustrating the fibrosis of the 
myocardium and the endocardium It likewise demonstrates the degenerative change involving 
the subendocardial fibers with resultant fibrous tissue replacement 

Microscopic Examination Section of the heart muscle, distant from the discrete endocardial 
plaques noted, showed a conspicuous fibrous thickening of the endocardium Strands arising 
from the fibrous plate (fig 6) extended deeply into the nnocardium Muscle fibers directly 
beneath and adjacent to the fibrous plaques showed adianced vacuolization The incorporation 
of degenerating subendocardial fasciculi into the fibrous tissue meslnvork could be discerned 
These fibers stained in unusual fashion with the Masson stain specific for trichromes and with 
Mallory’s stain specific for connectne tissue Organizing thrombi were seen to originate at 
or close to these areas of fibrosis In the septum there were several areas of marked interstitial 
infiltration with polynuclear cells close to the areas of thrombosis at the apex Sudan III 
stain re\ealed numerous small fat droplets m a few myocardial fibers The capillaries and 
e eins of the nnocardium w 7 ere engorged There was no change in the \essel walls or in 
their lumens In sections of the lung three organizing thrombi and a small recent infarct were 
seen The aheolar septums were thickened and ischemic in some places, congested m other 
places The liver showed ad\anced fatt\ degeneration with necrosis unohing the central two 
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test dose of phenolsulphonphthalein, while urea clearance in 2 tests was 61 and 55 per cent oi 
normal A roentgenogram (fig 4) outlined a hcai t enlarged in all diameters with slight 
fulness of the pulmonarj conus It suggested old bilateral pulmonarv tuberculosis with 
thickened pleuia at the right apex An clcetiocaidiogram showed a light axis deviation 
Noimal sinus rhythm w'as picscnt wulh sinus taelncardia and occasional premature contractions 
The T waves w r ere of generally low amplitude in all leads, and the J wa\c m lead I was 
abnormal in form The P wa\c m lead II was of inereased imphtude 

Cowsc of Illnas — The patient had a low gt ide fewer until shorth before death, the 
temperature at times being as high as 39 5 C (103 1 F) Food and fluids were limited 
because of nausea and vomiting On the filth das of hospital!/ ition, he complained of pain 
in the chest on the left side posteriori) and respirations inereased to 28 per minute Over 
the lower lobe of the left lung there was slight duhiess and a few crepitant rales were 
audible The radial pulse was feeble, at times imperceptible , the blood pressure v as 90 s\stohc 
and 70 diastolic measured in millimeters of mtrcurv At this time the extremities were cold 
and cvanotic as m peripheral collapse Chc\ ne-Stokes respirations were obvious The 
obscure picture suggested Addison’s disease, and adrenal cortical extract and dextiosc in 



Fig 5 (case 2) — This photograph shows the gross appearance of the heart There is 
slight dilatation of the right ventricle and maikcd dilatation of the left vcntncuhr chamber 
Thiombi are seen in the right auricular appendage but m greatest number m the left ventricle 
There is a variable degree of organization of these thrombi The thickening of the endo- 
eaidium lining the left ventricle is apparent Several large plaques of endocardial fibrosis are 
seen, the largest close to the aortic valves 


solution of sodium chloride were administered parentcrally m addition to sodium chloride 
tablets given by mouth, but under this regimen pitting edema of the ankles soon developed 
The venous pressure was estimated at 60 mm of blood 

On the seventh day of hospitalization respirations became more embariassed, and the patient 
leceived oxygen therapy From time to time the shocklike picture reappeared The blood 
urea nitrogen rose to 55 mg per hundred cubic centimeters, while the carbon dioxide-combining 
power vvas 25 volumes per cent and the icteric index 38 Daily doses of adrenal cortical 
extract were continued, and thiamine hydrochloride vvas given daily by vein in 100 mg doses 
On the eighth day of hospitalization the skin had a mottled, cyanotic appearance A tendei 
edge of the liver was palpable 1 fingerbreadth below the costal margin On the ninth day of 
his stay in the hospital the patient became stuporous While the pulmonary fields remained 
relatively clear, the edge of the liver continued to be palpable Edema of the ankles vvas 
persistent, there was swelling of the eyelids, and the skin vvas edematous every where, pressure 
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the unne Calculation time measured by sodium hydrccholate was thirty-eight and eight-tenths 
and thirty-six and two-tenths seconds, while the venous pressure was 172 mm of solution 
of sodium chloride by direct measurement An electrocardiogram showed a left axis de\iation 
The rhythm indicated a normal sinus mechanism The conduction time of the QRS complex 



Fig 7 (case 3) — A, teleorocntgcnogram taken shorth after admission, showing an increase 
m the trans\ erse diameter of the heart shadow the enlargement being mostly in the left 
\ enti lcular area The pulmonaiy conus is definitely enlarged Considerable fluid is accumu- 
lated in the right pleural space and extends into the minor fissure of the right side' B a 
teleoroentgenogram taken after IS Gm of digitalis was administered within (went) -four hours 
showing a decrease in the size of the heart and the puhnomn conus C, a teleoroentgenogram 
taken at a time when the patient was markedly improved according to clinical standards, 
showing complete disappearance of the pleural effusion noted in parts A and B The cardiac 
shadow although smaller continues to he enlarged cspecialh the left eentricular portion 
D a teleoroentgenogram taken shorth before death showing the heart shadow to ha\c increased 
slight!) ni aiea There is again increased demit) at the base ot the right lung 
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thirds of the lobule Much blood pigment had been at cumul ltul m mononuclear phagoevks 
There was no renal or adrenal lesion 


Comment — This 35 veai old man was ill loi nine months with obsetne com- 
plaints laigely lefeiable to the gasli ointestmal tiaet IJc .tppaiently had been a 
tood faddist fot mam tears, and dining the period ol final illness his diet was 
deficient in vitamins Iiis symptoms were not attributable at once to congestne 
heait failtue, but the palpitation, taclneaidia and ch spnea stionglv suggested it 
The physical findings likewise did not immedi.it eh indicate congestne heart failure, 
although the heait was cnlaiged Right axis delation m the electioeaidiogram 
without demonstiable vahulai heait disease was unusual, the alterations in T 
waves and RT segments wcic mdicatne of imoeaidial ehangc During his stav 
m the hospital theic weic several attacks of penpheial vascular collapse and the 
patient suftcied at least one episode of pulmonan embolism with infaiction 

At autopsy the heait was extiemeh fiabln and when suspended In the a’orta 
gave the impiession of a paper sac paitialh filled with fluid Theic vurc tlnombi 
within the chambeis of the heait On microscopic examination the imoeardial 
changes weic thought to lcpicsent idiopathic isolated nnocaiditis Clnonic passu e 
congestion invohed the lungs, the lnei and the heart muscle itself with central 
neciosis of the livci Theic was excess fluid in the pciitoncal cuvitv Uie 
resemblance of the anatomic changes to those in ease 1 and the clinical lnstoiv 
particulaily the pool diet, laise the question whethei this case also mat be an 
instance of cluonie deficient:) of the \itamin B complex 


Casf 3 — 7/u/om — I? T , a 35 'car ol<l houw.wilc was admitted to Ntv \ork Ho-pital on 
June 2 4, 1939 One sister had died stuldtnl) at the age nf 22 ( \n incomplete coroner s 

report stated that there was cardnc hjperttophv with i vellowidi imnnidmm and “imo- 
carditis” was assigned as the cause of death ) 

Three months before admission the patient had hid an attack ot ‘bronchitis’ with productive 
cough and pleural pain in the chest on the right side postcriorlv J here was no hemoptvsis 
Occasionalh she felt fevctish and lnd night swcits She becunc dv-.pneie and two weeks 
before admission begin to sleep upright One week bcfoic admission she had noted the onset 
of edema of the ankles followed In swelling of the legs Two dues prior to admission edema 
had involved the abdominal wall, the lower portion of the chest, the faec and the eves \lthough 
the patient denied that she had am food idioswictasv , her husband’s account indicated tint her 
intake of vegetables fruits and me its hid probable been borderline Since the onset of 
svmptoms referable to the respirator} tract she had taken few green vegctiblcs oi cereals and 
little whole giain bread 

Physical Li animation — On admission the temperature was 37 6 C (99 7 T ), the pulse 76 per 
minute, the respirations 20 per minute and the blood picssurc 106 svstohe and SS diastolic meas- 
ured in millimeters of mercurj The patient was tlun and both dv spneic and orthopneic There 
was moderate venous distention but no evanosis At the c\ticmc base of the right lung there was 
an aiea of dulness through which breath sounds weic not transmitted J here were a few 
basal rales bilaterally The left border of dulness of the heart was 12 cm lrom the midsternal 
line m the fifth interspace The apical impulse was diffuse There was no thrill palpable 
Cardiac sounds weic of fair ejualitj the rluthm indicated a normal sinus mechanism, and no 
murmurs were heard The carotid and the biaehial pulses were bounding A tense tender 
liver was felt 3 fingerbreadths below the costal margin, and the tip of the spleen was just 
palpable There were no signs of ascites No neurologic changes were discoveied There 
was a moderate pitting edema extending from the ankles over the tibios and up to the knees 
with slight pitting edema over the sacrum 

Laboialoiy Data — The specific gravitv of the urine varied between 1 006 and 1 032, and 
specimens showed albumin in moderate amount, but no casts were seen Tbe urea clearance 
was 65 per cent of normal The hemoglobin content of the blood was 11 Gm per hundrec 
cubic centimeters, the red cell count was 4,300,000 per cubic millimeter and the leukoevte 
count was 7,300 per cubic millimetei The blood smear and the differential count were not 
unusual The corrected sedimentation rate was 0 1 mm (normal 0 4 mm ) and the red ce 
volume 39 per cent Repeated blood cultures were sterile The serum per hundred cubic 
centimeters contained 163 mg of cholesterol, 4 9 Gm of proteins and 3 4 Gni of albumin 
The Kline reaction was negative Fluid aspirated from the chest had a specific gravitv o 
1 009 On intravenous administration of 1,000 mg of ascoibic acid 468 mg was recoveied in 
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At no time was hypertension present Ascites, hepatomegaly, pleural effusion, pulmonai j 
congestion and periorbital and sacral edema continued The patient showed a marked 
depressive trend, would not eat and vomited tube feedings During the last eighteen days of 
life she received a daily dose of 90 mg of thiamine hydrochloride and 20 Gm of brewers’ 
yeast by mouth On November 27, the fifty-seventh day after readnussion, she died suddenl} 
Ncaopsy — The peritoneal cavity contained 1,200 cc of clear liquid, the pericardial cavity 
250 cc and' the left pleural space 600 cc , while the right pleural space was obliterated by 
fibrous adhesions The heart weighed 460 Gm , the wall of the right ventricle measured 
4 to 7 mm and that of the left ventricle 12 mm in thickness The right \entnde was 
slightly dilated, and its myocardium w'as moderately fibrosed near the septum , the endo- 
cardium m this area w’as also thickened by fibrous tissue The left ventricle was dilated, 
and the antenor, the lower and the septal third showed advanced fibrosis of the myo- 
cardium and the endocardium The fibrosed endocardium measured from 1 to 2 mm m gicatest 
thickness It encircled papillary muscles and columnae carneae and extended deeply into the 
myocardium A laige aiea of the anterior and the apical portion of the endocardium was 
covered noth adherent recent thrombi Microscopic sections did not show any inflammatory 
cells The muscle fibers w'ere thin and appeared atrophic in many places, but striations were 
well preserved Some muscle fibers showed a moth-eaten appearance, not like the typical 
appearance of fatty degeneration wduch w'as seen in other areas Chronic passive congestion 
w'as maiked in the lungs, spleen, livei and pancreas The kidneys in addition to chronic 
passive congestion show r ed seveial healed infarcts 

Comment — This 35 yeai old woman vyas ill foi eight months The onset of 
her difficulty dated to an infection of the respnatoiy tiact followed by dyspnea, 
oithopnea, gastrointestinal upset and peripheral edema Congestive heait failuie 
follov'ed Theie was enlaigement of the heait, although theie was no hypei- 
tension oi evidence of valvular defect Beiiben heait was consideied, but theie 
was little lesponse to administration of thiamine hydrochlonde oi improved dietaiy 
legunen The patient did not improve with continued administration of digitalis 
Meicunal diuietics appealed to aid Cerebial embolism occurred dining hei stay 
in the hospital 

Postmoitem examination levealed evidence of congestive heait failme with 
ascites, hydrothorax and a small hydi opencai dium (250 cc ) and passive con- 
gestion of liver, lungs, spleen, kidneys and panci eas Theie weie oigamzmg muial 
tlnombi within the left ventnculai chambei These led to a ceiebral embolus 
and the lenal infarcts The stuffing anatomic change was a marked endoiaidial 
fibiosis sunilai to that observed m cases 1 and 2 

COMMENT 

Summaiy of Cluneal and Anatomic Findings — In none of these 3 cases ol 
congestive heait failuie was valvulai disease, hypertension or aitenoscleiosis 
demonstiable The patients, 2 men and 1 woman weie 35 to 40 veais of age 
In 1 case symptoms were piesent dui mg eight yeais, with the final phase of 
illness occupying twehe months In the othei 2 cases the patients weie ill foi 
eight and nine month penods respectively In each theie was progressne decline 
modified slightly by theiapeutic measures One patient a Chinese man (case 1) 
had lived on a deficient diet ovei a long pei lod , the othei 2 patients had * pool 
appetites” and had taken diets piobably boideilme in their content of the wtamm B 
complex In all cases the diet was deficient aftei the onset of the final illness 

The symptoms and signs on admission and during hospitalization pointed to 
disease of the caidiovascular system Cyanosis was noted m 2 patients on admis- 
sion and appealed m the third patient duiing hospitalization Vanous other 
phenomena of congestive heait failuie weie obsened with prolongation of cu di- 
lation time and increase of venous picssuie in 2 patients 

-Ml patients showed albuminuria piobably i elated to chronic passive congestion, 
and the seium motem levels of 2 patients were 5 9 Gm pei hundred cubit ccnti- 
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in lead II measuied twehc liundredths of a second, and the 1 w ucs and the RI segments 
had the form seen in the left mtravcntricnlai heart block of the eoneordant t\pc I he P \\a\es 
were notched in all leads Tcleoi oentgenograms made in tins case are reproduced m figure 7 
Com sc of Hines '; — Throughout her staj m the hospital the patient had a low grade tc\er 
A. diet high in vitamins and in carboln dratc was attempted, but because ol refusal to cat 
tube feedings of high utamin content had to be cmplov ed over a long petiod J he diagnosis 
of beriberi heart was proposed, and thiamine lmlrochloride was gutn intru\cnousl\ in 10 mg 
doses daih for the first file dais and then 20 nig a da\ for the succeeding tlnrti -eight dais 
with 8 Gm of brewers’ least daili Iseiertheless, dispnea inereased and the patient beeame 
cvanotic, so that an o\igen clumber was ctnploied While this afforded slight rebel moie 
marked lmproiemcnt was noted with mercupurm therapi Finalli digitalis w is gnen '1 he dai 
following the circulation time was twcnti-scieii and six-tenths and twenti -eight and six-tenth- 
seconds and the lenous pressure was 117 nun of solution of sodium chloride I wo dues after 
digitalization a complete left hemiplegia suddenh dec eloped The pre-sure tnd composition 
of the spinal fluid were normal Under the usual supportne measuics there was a return n 



Pig 8 (case 3) — \ microscopic section of the mcocardium, illustrating fibiosi- of the 
endocaichum and mvocardium 

strength in the legs and arms, the deep tendon reflexes became noima! and the scnsorc modalities 
returned, but weakness of the left side of the face and the plantai extensor response on the left 
side persisted The phenomena of congestive heart failure cleared, and digitalis and diuretic- 
w 7 ere discontinued Edema did not recur The patient then tolerated restricted actuate about 
the w'ard and finallc was allowed home on the eightv-fourth dae of her stav in the hospital 
Within a few da>s she w'as readmitted with oliguria and chspnea There was edema of the face 
and dependent parts The venous pressure w r as estimated at 150 nun of solution of sodium 
chloride A soft svstohe murmur was heard at the apex There evas ascites The luer was 
palpable 3 fingerbreadths below the costal margin The blood picture was unchanged The 
electrocardiographic pattern was little altered throughout the wdiole course of illness Lett 
intraventricular heart block continued to be present, and there was little change in the form 
of the T W'aves or the RT segments Premature contractions of auriculai auriculoventricular 
nodal and ventricular origin were frequently recorded 

On the tw'elfth day after readnussion the patient had a generalized convulsion lasting fot 
thiee minutes, and on the thirty-fourth day this w r as repeated Theie weie no lesidual signs 
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Isolated ( Ficdlei’s ) Myocai ditis — Suite} of the papeis dealing with isolated 
imocarditis has failed to establish a unifoim clinical 01 pathologic syndiome 
Steffen 3 in 1888 lepoited the fust cases of a condition designated acute ni)o- 
caiditis In 1890 Fiedlei 0 delineated the s\ndiome now beaung his name, while 
the adjective isolated was included h} Sellentin 7 to indicate absence of mflain- 
maton changes elsettheie Aschoff 6 stated that he consideied the lesions to be 
lheumatic m oiigin In a seaich of the hteiatuie Scott and Saphir 0 found 36 
lepoits with postmoitem findings and tabulated the pertinent data m 30 cases 
Bailey and Andeisen 10 in then lepoit ie\ie\\ed this series, with criticisms Thus, 
m the case lepoited by Rmdfleisch 11 the condition piobably was multiple pyogenic 
abscesses of the mjocaidium, in the second case of Steffen 5 and m the case 
lepoited b\ Baumgaitnei 12 the patient may well have had tuberculosis Since 
the papei of Bade} and Andeisen 10 man} other leports have appealed 13 In a 
lecent leview ion Bonsdoiff 11 indicated that in seveial of these 13 the classification 
of acute isolated nnocaiditis is not wan anted Seveial patients died suddenl} 
aftei an acute illness, in otheis the couise was chionic and marked by protean 
manifestations In the formei gioup caieful histologic search disclosed small focal 
cellular mfiltiations m the myocardium In the cases in which illness was more 
chionic autops} ie\ealed waiving pictures A clear anatomic concept was not 

5 Steften, A Zur akuten Myokarchtis, Jalub f Kindcrh 27 223, 1888 

6 Fiedler, A Ueber akute interstitielle Mjokarditis Festschrift zur Feier des 50-jahr 
Bestehens des Stadtkrankenhauses zu Dresden-Fnedriclistadt, Dresden, W Baensch, 1890 

7 Sellentin, L Akute isolierte interstitielle Mvokarditis, Ztschr f klin Med 54 298, 

1904 

8 Aschoff, L Zui Myokarditisfi age, Verhandl d deutsch path Gesellsch 8 46, 1904 

9 Scott R W , and Saplnr, O Acute Isolated Myocarditis, Am Heart J 5 129, 1929 

10 Baile\, F R, and Andersen, D H Acute Interstitial Myocarditis, Am Heart J 
6 338, 1931 

11 Rmdfleisch, W Ein Fall von diffuser akuter Myokarditis, Inaug Dissert, Munich, 
1896 Thesis, Konigsberg, M Liedtke, 1898 

12 Baumgartner, H Ueber specifische diffuse productive Myokarditis, Frankfurt Ztschr 
f Path 18 91, 1916 

13 (a) Boikan, W S Myocarditis perniciosa, Virchows Arch f path Anat 282 46, 1931 

(b) de la Chapelle, C E , and Graef, I Acute Isolated Myocarditis, Arch Int Med 47 942 

(June) 1931 ( c ) Maslov, H L, and Lederer, M Interstitial Myocarditis in a Child 
Nineteen Months of Age, Am J Dis Child 45 807 (April) 1933 ( d ) Guizzetti, P Per 

la conoscenza della miocardite dell’ atassia di Friedreich, Riv di pat nerv 41 545, 1933 

( c ) Carr, J G , and Walsh, J A Acute Infectious Myocarditis, Illinois M J 65 134, 1934 

(/) Maxwell, E S , and Barrett, C C Acute Interstitial Myocarditis Report of a Case 
Following a Severe Dermatitis Due to Sulfur Ointment, Arch Dermat & Syph 29 382 
(Maich) 1934 (< 7 ) Nelson, R L Acute Diffuse Myocarditis Following Exfoliative Der- 

matitis, Am Heart J 9 813, 1934 ( h ) Simon, M A, and Wolpaw, S Acute, Subacute 
and Chrome Isolated Myocarditis Report of a Case, Arch Int Med 56 1136 (Dec) 1935 
( 1 ) Scott, R W, and Simon, M A Acute Isolated (Fiedler’s) Myocarditis, Tr A Am 
Physicians 51 374, 1936 (;) Kjaergaard, H Acute Myocarditis, Acta med Scandinav 

(supp ) 78 151, 1936 (k) Smith, F M , and Stephens, R L Acute, Subacute and Chronic 
Interstitial Myocarditis Report of Six Cases, Tr A Am Physicians 53 120, 1938 (/) 
Freundhch, J Ueber isolierte, diffuse interstitielle Myocarditis, Ztschr f khn Med 133 768, 
1938 (m) Hansmann, G H , and Schenken, J R Acute Isolated Myocarditis, Am Heart 

J 15 749, 1938 (n) Magner, D A Case of Fatal Subacute Myocarditis of Unknown 

Etiology, Am J M Sc 198 246, 1939 ( 0 ) Helwig, F C , and Wilhelmy, E W Sudden 

and Unexpected Death from Acute Interstitial Myocarditis A Report of Three Cases, Ann 
Int Med 13 107, 1939 (/>) Brown, C E , and McNamara, D H Acute Interstitial' Myo- 
carditis Following Administration of Arsphenamines, Arch Dermat & Svph 42 31? (Auc ) 
1940 

14 von Bonsdorff, B Less Common Causes of Heart Disease Heart Disease of Unusual 
or Unknown Origin, Acta med Scandmav 100 320, 1939 
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meteis (case 1) &nd 4 9 Gm per hundied cubic centimctcis (case 3) In these 
same 2 patients, the first with clinical pellagia and auboflax mosis, the adminis- 
tration of 1,000 mg of ascorbic acid mtiavenoush icsulted in the excietion of 
31 mg and 468 mg , respectively 

Electi ocardiogi ams xxeie alteied, but no chaiactenstic changes wcie obseixed In 
case 1 auricular fibrillation was piesent , m the othcis noimal smus rhythm prex ailed 
In 2 cases there was light axis deviation Left inliaxenti icular heart block of the 
concoidant type was piesent m the third case 'J hose patients mth normal sinus 
mechanism showed various megulaiities of rlixtbm Piematuie contractions ot 
% enti lculai origin occuned m case 2, m case 3 thcie xxeie piematuie conti actions, 
ansing singly and m combination from the auncle, the am lculoventricular node 
and the ventriculai muscle Tall, notched P waves weie seen in case 3 Alteration 
in. the form of the T waves and the RT segments in each case pointed to mxo- 
cardial change 

Se\eral teleoi oentgenograms, including antei opostci 101 and lateral views, w T eie 
made at a 2 metei distance m each case In case 1 (fig 1) the shadow of the 
lieait xx ? as tremendously enlarged m all diameteis, paiticulaily that of the left 
ventricle, and the pulmonary conus appealed full A small amount of liquid 
obscuied the left costophremc angle The lieait shadow' m case 2 (fig 4) was 
increased to the light and the left with a stiaightening of the left cardiac border, 
the left ventucle constituting the majoi enlargement On the first loentgen exami- 
nation m case 3 (fig 7 A) the tiansveise diametei of the heart was increased, 
the enlargement being mainly left ventnculai, and the pulmonary conus was so 
piomment that initial stenosis was suggested Consideiable fluid was appaient 
m the right pleuial space with extension into the nunoi fissuie Fuither roentgen 
studies after digitalization (fig 7 B and C ) showed a slight and transient change 
m the caidiac outline All patients had lecened digitalis without significant salutaix 
effect In 1 case the velocit) of blood flow was enhanced b) admuustiation of 
the drug, the cnculation time deci easing from thiil) -se\en and fix e-tenths seconds 
to twenty-eight and one-tenth seconds (axeiage), xvhile the venous pressure xxas 
loweied from 172 mm to 117 mm of solution of sodium chlonde These plixsio- 
logic adjustments xxeie not accompanied by clinical nnprox ement, and the patient 
sufteied cerebral embolism shortly aftei full digitalization In the 2 cases (1 and 3) 
m w'hich meicupurm xvas administered satisfactoiy dnuesis disappeai ance of edema 
xxnth paiallel loss in body xx eight and clinical impiovement xxeie noted None 
made significant lesponse to thiamine h) drochloi ide, noi xxas diuiesis observed 
xx hen the drug xvas gix'en mtiax'enously in doses ranging from 20 to 100 mg oxei 
xanous periods The couise of illness xxas marked b) piogiessix'e congestix r e heart 
failuie xvith embolic phenomena 

The puncipal findings at neciopsy m these cases agieed in sex'eial lespects 
In each theie was exudence of caidiac failure xvith chiomc passix r e congestion of 
the xnscera Pulmonai)'- infarction xvas encounteied in 2 cases, xxdule in the third 
theie xxeie small lenal mfaicts The lieait xvas enlaiged in each case, xveighmg 
650, 500 and 460 Gin , i espectively The degree of hypei trophy and dilatation 
xxith lespect to mdmdual chambeis has been descnbed Mural thrombi xvith 
vai} mg degiee of oigamzation xvere seen m both light and left ventricles m 
2 cases, xxdule the left x^entricle alone xx r as nwoLed in the thud There xvas no 
anatomic exudence of valxmlai defect, hypertension, ai tei losclerosis or syphilis 
Myocaidial fibrosis was the conspicuous micioscopic change The most maiked 
featuie in all cases xvas the widespiead endocardial fibiosis m both right and left 
ventricles, x'aiymg m its extremes fiom plaquehke deposits m case 2 and case 3 
to the foi mation of a dense fibrous tissue plate cox'ermg the myocaidium and 
mx'estmg the papillary muscles and trabeculae carneae m case 1 
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to a deficienc} of utamin B complex He leasoned that vitamin B, failed as a 
therapeutic agent, 1 emissions occuiied without the use of vitamin Bj (m addition 
to the geneial hospital diet) and that the pathologic lesion was not like that of 
benhen In all of oui cases theie weie 1 emissions without theiapy with the vitamin 
B complex In the hist case 1 emissions weie chaiactenstic of an eight year penod 
of illness Moieovei, none of oui patients made significant lesponse to thiamine 
hj di ochloi ide in lecommended dosage The patient in the first case lejDOited 
by Lew and Rousselot 22 had “slight thickening of the septal surface of the endo- 
caidium which at this place measured 2 mm ” In then second case the condition 
might lepiesent the mtei mediate stage between the acute foim of benhen heart and 
the moie chiomc disease being descnbed in this lepoit The fibeis of the heait 
muscle showed an ad\anced stage of hydiopic degeneration Vacuolization w r as 
so pronounced that “only a little lemnant of sai coplasm lemamed against the cell 
membiane making the muscle fibers appeal as empty envelopes” (figuies S and 6 of 
the paper b\ Lew and Rousselot 2 - 2 ) Theie w r as advanced fibiosis, “ every wheie 
tlnoughout the heait, the kmle, as it cut, encounteied unusual resistance” 
Thickening of the endocaidium was conspicuous as “it w^as no longer possible to 
see the undeihing mvocaidium ” In then third case theie weie “thin stieaks 
of endocai dial thickening o\ ei the interventi lculai septum ” In all cases there 
weie rnuial tlnombi m the \entncles and pulmonai) and systemic mfaicts The 
authors did not ieuew then patients’ dietaiy habits Ivugel and Stolofif 25 
described 7 cases of “idiopathic hipertioph} of the heait” m infants, noting 
endocardial fibiosis in all of them These authois suggested that among othei 
causes “lnstoi} of avitaminosis (benhen)” ought to be excluded Endocai dial 
fibiosis was descnbed in one of Sellentm’s piotocols 7 as early as 1904 The 
formation of muial tlnombi is piobably facilitated by the plaquehke thickenings 
of endocardium and may mark a teinnnal stage in the disease process The pioblem 
is whethei myocardial fibiosis lepiesents a late stage in the development of benhen 
heai t 

E\pci imciital Pioduction of Benhen Heait — Attempts to pioduce caidiac 
lesions m expei imental animals b} diets deficient in the vitamin B complex have 
not been entirely successful Lack of knowledge of spontaneous myocarditis and 
of changes due to vitamin deficiency in animals limit such obseivations Miller 20 
encountered myocardial lesions in 60 per cent of a labbit colony wdnch w^as 
presumably healthy Thomas, My Ion and Wmternitz 27 produced myocardial 
lesions by keeping rats and pigs on a diet deficient m potassium as w r ell as m the 
vitamin B complex It is possible that m the pathogenesis of chronic benhen 
heart factois other than a deficiency of thiamine hydi ochloride participate Swank 28 
found that m about half of the heaits of pigeons “chronically deficient m thiamin, 
early changes were evident, such as focal neciosis wnth inflammatory cell infiltration ” 
Porto and de Soldati, 20 studying cardiac changes in lats and dogs, reported 
“anemic infarcts” together with intei fascicular edema, perinuclear vacuolization 

25 Kugel, M A , and Stoloff, E G Dilatation and Hypertrophy of the Heart in Infants 
and in Young Children, Am J Dis Child 45 828 (April) 1933 

26 Miller, C P Spontaneous Interstitial Myocarditis m Rabbits, J Exper Med 40 543, 
1924 

27 Thomas, R M , Mylon, E , and Wmternitz, M C Myocardial Lesions Resulting 
from Dietary Deficiency, Yale J Biol & Med 12 345, 1940 

28 Swank, R L Avian Thiamin Deficiency A Correlation of the Pathology and 
Clinical Behavior, J Exper Med 71 683, 1940 

29 Porto, J , and de Soldati, L Infarcto de miocai dio aparecido en un perro en avita- 
minosis Si, Rev Soc argent de biol 15 426, 1939 
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possible on caielul review of Fiedlei’s oiigmal case lepoits* 1 Kaisnei ' r defined 
acute isolated myocaiditis as a 

disease principally of early middle life, with insidious onset, signs of cardiac insuffi- 
ciency and death after the lapse of a few months The heart is hypertrophic, but without 
lesions of endocardium or pericaidium Micioscopically there is interstitial infiltration of 
lymphocytes, leukocytes and large mononuclears with variable degrees of muscle destruction 

Most authois, including Scott and Saplui, have employed smnlai cnteria Ncvei- 
theless, in the fiist of the cases lepoited by Scott and Saplnr theie were thiomhi 
m the mural endocaidium of the light ventncle, and in then second case thiomhi 
were encountered m the left yentncle “wheie a few' circumsctibed aieas of endo- 
catdial fibiosis were seen ’ The case leport of de la Chapelle and Graef 13b stated 
that ‘the endocaidium was intact thioughout, except at the apex of the lett 
ventncle, wheie a him, giajish-ied tlnombus was found attached to the endo- 
cardium” The nncioscopic examination of a section from the apex of the left 
ventricle “revealed a fanlv advanced oiganizing piocess ” Foi the most part these 
authors have included little detail of the patient’s clictai y habits 

Etiologic Factois — The attempt to assign a common etiologic basis to “Fiedlei s 
myocaiditis” has likewise been unsuccessful The role of infection ot the lespnaton 
tract has been emphasized in the eaihest lepoits, but lecent studies suggest mam 
otheis factors The m) ocaulial disease in the case lepoited by Maxwell and 
Banett 131 followed a seveie deimatitis due to sulfui ointment and was associated 
with staphylococcic bacteienna Biown and McNamaia 1 ' 1 ’ called attention to 8 
cases of “acute mteistitial myocaiditis” following the administration of aisphen- 
annne and levieyved the lepoits of Nelson, 1 - Sikl, 10 ion Zalka, 17 Stoeckenius 1S 
and Taussig and Oppenheimei iq A similai case apparently lesultmg fiom arsenical 
therapy for sy^philis dui mg piegnanc) was obsened in this hospital and anothei 
case lesemblmg the one leported by Gui/zetti 1 ’ d chaiacten/ed b) myocardial edema 
and lymphocytic infiltiation, occuned m a young diabetic patient yvith Friedieich’s 
ataxia 20 In a lecent leyiew on myocarditis by Saplnr 21 including Fiedlei 
myocaiditis, the possible association yyith nutntional deficiency is not suggested 

D nbeii Hemt and “ Idiopathic ” Caidwc Hypo /; ophy — Ceitam cases pie- 
yiously leported as isolated myocarditis might hay'e been classified as benbeii 
heart had more detailed infoimation been ay'ailable Dock 1 descnbed such lesions 
as yve have encounteied, including the endocaidial fibiosis, although it yyas not 
so yvidespiead Similai cases yyeie lepoited by Ley'y and Rousselot 22 and by 
Levy and von Glahn, 23 although they yveie mleipieted diffeiently In comment 
on Dock’s papei Levy 24 denied the i elation of illness m the cases yyluch he lepoited 

15 Karsner, H T Human Pathology, eel 4, Philadelphia, J B Lippincotl Co, 1935, p 460 

16 Sikl, H Eosinophile Myocarditis als ldiosynkrasische-allergische Eikrankung, Trank- 
furt Ztschr f Path 49 283, 1936 

17 von Zalka, E Ueber emeu seltsamen Fall von Polymyositis, Virchows Aicli f path 
-Ynat 281 114, 1931 

18 Stoeckenius, W Beobachtungen an Todesfallen bei frischer Syphilis Beitr z path 
Anat u z allg Path 68 185, 1921 

19 Taussig, H S, and Oppenheimer, E H Severe Myocarditis of Unknown Etiology, 
Bull Johns Hopkins Hosp 59 155, 1936 

20 Unpublished data 

21 Saplnr, O Myocarditis A General Review' with an Analysis of Two Hundied and 
Forty Cases, Arch Path 32 1000 (Dec ) 1941 , 33 80 (Jan ) 1942 

22 Levy, R L , and Rousselot, L M Cardiac Hypertrophy of Unknown Etiology' in 
Young Adults, Am Heart J 9 178, 1933 

23 Levy, R L, and von Glahn, W C Furthei Observations on Cardiac Hypertrophy' in 
Adults, Tr A A.m Physicians 52 259, 1937 

24 Levy, R L , in discussion on Dock 1 
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The obsei \ ations heie descubecl suggest that it may also be the end result of 
nututional deficiency Imestigation must still ascertain whether the subendo- 
caidial fibeis aie moie susceptible to hydropic degeneration and .whether fibiosis 
supei v ones hydropic degeneration It is possible that endocardial and myocaidial 
fibrosis may lender the disease process self aggravating and self perpetuating in 
the nature of a vicious cycle Muscle degeneration leads to fibiosis and m turn 
to fuither degeneration of enclosed muscle fibeis, aggiavated b) lhythmic sti etching 
of the heart, pioduced or facilitated b) some factor not yet recognized It is 
concenablc that some myocardial functional change coexists with a nututional 
deficiency , for example, the stimulus of diastolic stretching may fail to elicit 
the usual response leading to hypertiophy when the muscle fibeis are injured 
by hydropic degcneiation but intei stitial fibrosis once established may m itself be 
an aggravating factor Wearn reviewed the communication of vessels in the 
myocaidiuni with the ventriculai ca\ities, designating them as “arterio-Iummal” 
and “arteno-smusoidal ” A diagram of Wearn’s has been modified to show the 
unpairment of blood supply as a consequence of endocaidial fibiosis (fig 9) 

Whether the cases here described actually represent chronic beriberi heait, or 
are at all the consequence of nutritional deficiency, is not adequately proved The 
clinical and anatomic findings paiallel previously reported instances of isolated 
(Fiedler’s) myocarditis Study of the reported cases indicates that “isolated myo- 
carditis” repiesents a heterogeneous collection of acute and chronic foims of 
myocardial disease marked by inflammatoiy or degenerative changes with and 
without fibrosis Further separation of the complex into well defined types is 
desirable Evaluation of available data suggests that the 3 cases outlined heie 
represent a chronic form of heait disease, possibly caused by or associated with 
dietary deficiency The purpose of this report is to call attention to this type and 
to stimulate further inquiry into its pathogenesis 

SUMMARY 

Three cases of heait failure m young adults which is not attnbutable to 
artenosclerosis, hypertension or valvular heait disease are leported 

The most striking pathologic features are endocardial and myocardial fibrosis 
and cardiac h}pertrophy and dilatation m the absence of vascular or valvular 
change The endocardial fibrosis and caidiac failure predispose to mural thrombosis 
with emboli These changes resemble those previously described in the htei ature 
undei the term isolated myocarditis 

The question is raised whether these changes could have been associated with' 
deficient diet and could represent a variant of beriberi heart 

Note — Since pieparation of this manuscupt 2 additional cases have been 
encountered 

C\si 4 — A 63 year old bachelor, chronically addicted to alcohol, with irregulai eating 
habits, gave evidence of congestive heart failure extending over four years At autopsv there 
were endocardial and myocardial fibrosis, mural thrombosis and pulmonary infarction 

CAsr 5 — A 54 >ear old man with “poor” appetite and “chronic indigestion” of twenty 
v ears’ duration gave a historj of ten years of marked chronic alcoholism Symptoms ot heart 
lailure extended over three ycais At autopsy the heart was dilated and showed nnocardial 
and endocardial fibrosis, while the coronary arterial bed was entirely normal on examination, 
which included injection Mural thrombosis of the right ventricle had led to pulmonary 
infarcts 

New York Hospital 
1300 York Avenue 

33 Wearn, J T Morphological and Functional Alterations of the Coronary Circulation 
Harve> Lecture, Bull New York Acad Med 17 754, 1941 
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and maiked vacuolization of the conduction system Leblond and Chaulin- 
Seiumeie ' 10 studied beiiben in monkeys and concluded that paitial latbei than 
complete thiamine deficienc} was the cause of cbionic beait disease 

Clinical and Anatomic Fcatuics of Beubcn IT call — Caidiac failuie in beriberi 
has been explained by Wenckebach 2 with the myogenic, as opposed to the neuro- 
genic, theory He postulated that the beait muscle lost its pouei of conti action 
and its resistance against sti etching In the cases which be upoited the light 
ventricle, especially the conus aitenosus, was dilated, while the left "ventricle did 
not appear to have been ovci loaded Theie is a loweied penpheral resistance 
with lapid stasis of blood in the capillanes at the aitenolar end The svstohc 
eneigy is not decreased and the light side of the beait is filled undci high tenons 
pressuie, “the blood inns to the beau in an attempt to buist it apart’’ (Wencke- 
bach) The clinical pictuie is, however, not always so cleai Keefer, 1 studying 
benben m China, indicated that dilatation was not limited to the right "ventricle 
Weiss and Wilkins 3 likewise noted pulmonaiv engagement with dyspnea and 
orthopnea and othei evidence of “left sided failme ” These authors did not legal d 
penpheral neuritis as a necessaiy accompaniment of such deficienc} 



Right auricle 

l H ig 9 — Wearns schematic leprescntation of the coronary circulation is here modified to 
include thickening and fibiosis of the endocardium The effect of such change on the nutrition 
ot the myocardium is apparent The follow mg abbreviations hat e been employed E, extra- 
cardiac blanches, AL, arterioluminal vessels, AS, arteriosinusoidal vessels, T, thebesian veins, 
l', coionary veins, Cl', coionary veins, and CS, coronary sinus 

In the 3 cases lepoited heie a clinical syndrome tvith fan ly umfoim featuies 
was piesent The usual piecipitatmg causes of beait failuie weie notably absent 
Caieful questioning elicited the history suggestive of dietaiy deficiency, but acctuate 
studies of absorption and utilization of the vitamin B complex tveie not possible 
Autopsy tevealed the features of congestive heart failuie The heaits weie 
enlarged and dilated Mural thiombosis had occuired and had led to embolism 
Myocardial fibrosis has usually been ascnbed to diminution ot the myocai dial 
blood supply 32 leading to scattered aieas of degeneration and leplacement fibiosis 

30 Leblond, C P, and Chauhn-Servimeie, T Spontaneous Beriberi of the Monkey as 
Compared with Experimental Avitaminosis, Am J M Sc 203 100, 1942 

31 Keefer, C S The Beriberi Heart, Arch Int Med 45 1 (Jan) 1930 

32 White, P D Heart Disease, ed 2, Netv York, The Macmillan Company, 1937, pp 
427-428 
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as can be detei mined, infections clue to membeis of gioups E, H and K ha\e not 
been iepoited 

Gioup C oiganisms aie piobably lesponsible foi moie infections than oiganisms 
ot aii) gioup othei than A Jl) It is not to be mfeiied, howevei, that gioup C 
sti jins aie common in 1 elation to membeis of gioup A, which cause ovei 95 pel 
cent of all stieptococcic infections Less than 100 cases of infection caused by 
gioup C oiganisms aie lecoided in contiast to the many thousands of infections 
caused b) gioup A oiganisms that can be found in the liteiature Scailet fe\ei, JI> 
pueipeial infection, 30 eiysipelas 11 and infections of wounds • >b aie the chief condi- 
tions in which gioup C oiganisms have been isolated A knowledge of the natuial 
distnbution of these oiganisms is impoitant in evaluating then lole in infections 
in human beings In geneial, it can he said that in noimal peisons gioup C 
stiams aie isolated fiom the same souices as aie membeis of gioup A hut much 
less fiequenth Foi example, hemolytic stieptococci of gioup A aie lecoveied 
fiom the noimal human nasopharynx thiee oi foui times as often as aie hemolytic 
stieptococci of gioup C 3 - 

The pm pose of this papei is to piesent a case of bacteiemia m which hemolytic 
stieptococci of gioup C weie the infectious agents and in which lecoveiy followed 
admimstiation of sulfadiazine In addition, bactenologic and immunologic data 
will he piesented and will he discussed in i elation to the Lance field gioups as a 
w hole 

RLPORl or CASE 

Ihstoi y — The patient was a 65 year old single white American janitor, who enteicd 
Stanford University Hospitals on Nov 1, 1941, complaining of generalized pains and shoit- 
ntss of breath of se\eial months’ duration The history was not considered entnely complete 
or reliable because of the patient’s faulty memory for recent events 

The familial history and the past history were not contributory The patient was well 
and strong until about fne months before admission, wdien he had an episode of vomiting and 
diarihea, which he attnbuted to eating poisoned meat After this he refused to eat meat, 
but his diet w'as othei wuse probably adequate He felt ceitain that this episode marked the, 
beginning of Ins present illness Easy fatigability and dyspnea on the slightest exeition appeared 
almost immediately Generalized “pains m the muscles’’ also appeared, which w r ere deep and 
‘ felt as if they w r ere in the bones,” especially in the legs 

Tw r o months before entry he suddenly noted a sharper, more constant pain in the left hip, 
which caused limitation of motion of that joint This occuried at intervals until the tunc of 
entry General fatigue, muscle aches and shortness of bieath became gradually moie pio- 
nounced, although he remained ambulatory Thirteen days before admission he was seized 
with a sharp, severe pain in the chest on the left side, just below the nipple, which radiated 
to both axillas and caused difficulty m breathing He sat up all night, and the next morning 
his pain gradually disappeaied After this episode, he became w'eakei and the musculai pains 
became more pronounced One week before entry he had a moderately severe shaking chill, 
the first he had experienced Chilly sensations recurred at intervals during the next several 
days, but he was not aware that he had any fever At the time of admission there w'as a 
superficial ulcer on the left thigh, w'hich he had not noticed Model ate tenderness ovei the 
left parotid region had been present foi several days A loss of weight of 10 to 15 pounds 
(5 to 7 5 Kg ) w^as said to have occurred during the past four or five months 

Physical Examination — On admission the patient was slender, poorly nourished and acutely 
ill The temperature was 40 C (104 F), the respirations w'ere 22 per minute, the pulse 
rate w'as 84 per minute, and the blood pressure was 150 systolic and 80 diastolic Small, 
pinkish red, maculopapular lesions were n regularly scattered over the skin of the entire body 

10 Congdon, P M Streptococcal Infection in Childbirth and Septic Abortion Source 
of Infection and Grouping of Hemolytic Strains, Lancet 2 1287, 1935 Rosenthal and Stone rj 

11 Hare, R The Classification of Hemolytic Streptococci from the Nose and Throat of 
Normal Human Beings by Means of Precipitin and Biochemical Tests, J Path & Bact 41 499, 
1935 Plummer, H Serological Study of Hemolytic Streptococci, J Bact 30 5, 1935 

12 (a) Rantz, L A The Hemolytic Streptococci Studies on the Carrier State in the 

San Francisco Area, with Notes on the Methods of Isolation and Serological Classification of 
These Organisms, J Infect Dis 69 248, 1941 ( b ) Hare 2b 
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The classification ot hemoh lie sticptococci proposed 1)\ Lance field 1 in 1913 
has pioved an important advance m the stud) of stieptococuc infections Using 
the piecipitin technic based on the piescnce m hemoh tic sticptococci of a specific 
cai boh) ch ate obtainable In acid h)cholvsis, she clnided these organisms into 
seveial gioups, designated bt the letteis A to K melusne and pointed out that 
most stieptococcic mteetions in human beings weie caused In membets of hei 
gioup A Subsequent studies have confirmed this obscnation • but a good many 
cases have been lepoited in which etiologic oigamsms ucie membeis of eeitam 
of the othei gioups 

Gioup B stiains have been isolated in cases of suppuiatnc aitlnitis, 3 pucipeial 
sepsis 1 and endocauhtis ' Seveie cases of endocaiditis 0 and pticrpeial sepsis' 11 
hare also been ascnbed to membeis of gioup G The status of gioup D oigamsms 
is bevond the scope ot this papei and will be discussed elsewhcie 7 Although 

fiequenth lecoreied fiom patients then lole in the causation of disease is often 

difficult to asceitam Gioup F stiains hare been isolated from infected wounds 
and sinuses s and fiom the tin oats of patients with glomeiuloneplnitis u As tai 
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moderate use m the red cell and the white cell count, the blood picture lemamed much as 
it was on admission A biopsy of bone marrow was done tw'o w'eeks after entry, and the 
marrow w r as found to be hypoplastic Inactivity of myelocyte multiplication, with delayed 
maturing of these cells to the poly morphonuclear stage, appeared to be the chief cause for the 
lnpoplasia of the white cell series Except foi moderate weakness the patient felt entuely 
well when he went home on the eighteenth day after admission 

His subsequent course w r as followed m the outpatient depaitment for twelve weeks, and 
during this time he was afebrile, and his only complaints were easy fatigability and precordial 
pain and dy spnea on exertion The blood picture remained essentially unchanged, except that 
the red cell and the wdnte cell count fell gradually, in spite of intensive therapy with vanous 
piepaiations of non and liver A roentgen surve\ of the long bones during this period did 
not ie\eal am abnormalities 

The patient reentered the hospital during the fifteenth week after the first admission 
Plwsical examination failed to reical anything new, except for a fissure m ano, which w’as 
painful The results of laboratory examination w f ere as follows red cell count, 1,052,000 
hemoglobin concentration, 34 pei cent white cell count, 1,400, with a diffeiential count of 
poh morphonuclear leukocvtes 16 pei cent (64), lwnphocvtes 74 per cent and monocytes 16 
per cent , hematocrit reading, 14 , platelet count, 18,000 . reticuloc\ te percentage, 0 3 , urine and 
stool noimal, Bence Jones protein m mine, none, and blood urea, 33' mg per hundred cubic 
centimeters 

Two blood transfusions w’ere gnen, aftei which the red cell count rose to 2,200,000 The 
patient was then transferred to another hospital Within tw'O days his temperature began to 
rise, and a blood culture w r as positne for Escherichia cob The septic process continued in 
spite ot therapy w ith sulfadiazine and transfusions, and the patient died sixteen weeks after 
the onset of the bactci emia caused by hemolytic streptococci 

Autopsy — Results of a postmortem examination contributed little The bone marrow pre- 
sented the same lwpoplastic picture which was seen in the biopsv specimen No other significant 
lesions were encountered 

Comment — The cause of the aplastic anemia is not known, but it is quite ceitam 
that the streptococcic infection w r as not responsible The patient had had symptoms 
of the undeiljmg disease foi two oi tluee months befoie chills and fevei appealed, 
suggesting that the bacteiemia was an intei cui lent episode, made possible paitly 
b) a lowenng of the natuial cellulai defense mechanisms Fuithei, an aplastic 
blood picture is laiely if evei pioduced b) acute infections The absence of an 
delation of blood bihiubin suggests that no acute hemoljtic piocess had occuued 
Final!), the bone mai row r did not lesume its noimal activity aftei the infecting 
oigamsms had been cleaied fiom the blood stieam, indicating that the depression 
of hemopoietic activity was caused by some othei agent 

The lesponse to sulfadiazine was lemaikable, consideimg the age and the 
geueially poor condition of the patient It is thought that the action of sulfonamide 
compounds m vivo is bacteriostatic, lathei than bactericidal, inhibiting the grow’th 
of oigamsms and allowing the phagocytes to engulf and destioy them It is unpies- 
sive, then, to obseive such a piompt lecoveiy in this elderly, debilitated man with 
seveie anemia and a white cell count of less than 1,000 The transfusions were 
undoubtedly of consideiable aid in supplying the deficient blood elements The 
othei important factoi, of couise, is the patient’s antibody lesponse, and it will be 
showui later that this patient had a high titei of circulating antibodies 

The souice of infection was probably the supeificial ulcei on the left thigh, 
since there was no other obvious focus, and since group C organisms aie occa- 
sionally isolated from human skin - b 

The rash, which was similar to that seen in scarlet fever, w ? as of considerable 
interest Cases of scarlet fever caused by gioup C oigamsms have been reported,- 0 
suggesting that an erythrogemc toxin, similar to the eiythiogemc toxin produced 
by streptococci of group A, is produced Similar rashes have also been observed 
m cases of bacteremia caused by group G stiams 0 The i elation between the 
erythiogemc toxins produced by the various gioups has not been studied The 
Schultz-Charlton test, using group A antiserum, might conti lbute valuable mfoi- 
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A good many of these were pustules On the lateral aspect of the left thigh there was a 
superficial ulcer, about 1 cm in diameter, which had apparenth been present for several da\s 
In addition to these lesions, there w'as a generalized lcddcnmg of the skin o\er parts of the 
trunk and extremities which was similar to the rash seen in scarlet fe\er Small hemorrhagic 
areas were also present beneath the skin of the extremities There were slight tenderness and 
swelling in the region of the left parotid gland The throat wcas shghth injected, and the 
tongue was dr\ The chest was empln sematous but otherwise clear to percussion md ausculta- 
tion The heart was not enlarged, and no murmurs were heard Examination 01 the abdomen 
welded nothing remarkable Theie were signs of modcrateh adianced peripheral artcrio- 
scleiosis Generalized muscular tenderness was present most markedh in the cakes The 
results of the phisical examination w'ere otherwise irrelevant 

Laboiatoiv Examination — Examination of the blood revealed a hemoglobin content of 9 2 
Gm per hundred cubic centimetcis (Salih), a red cell count of 2,200,000 and a white cell count 
of 680, with a differential count of 27 per cent pohmorphonuclcar lcukoc\tes, 64 per cent 
hmphocites, 6 per cent eosinophils and 3 pet cent monocvtcs J he red cells showed marked 
amsoci tosis, poikiloci tosis and poljchromasia Toxic gianulcs were present in the pohmorpho- 
nuclear leukoevtes The platelets numbered 40,000 The percent ice of rcliculoce tes was 1 
The hematocrit reading was 23 The sedimentation rate was 70 mm in tlurU minutes The 



Fig 1 — Clinical course of a patient with bacteremia caused b\ hemohtic stieptococci ot 
Lancefield gioup C 

direct tan den Bergh reaction was ncgatn e, and the indirect leaction was positnc (0 64 units) 
The icterus index was 5 There w'as urobilinogen m the urine, the reaction for it being positnc 
in a dilution of 1 128 The blood contained 54 mg of urea per hundred cubic centimeters 
lhe stool and urine w r ere normal, there was no Bence Jones protein in the urine The W asser- 
mann reaction w»as negative A blood culture was positive for hemohtic streptococci, Lancefield 
group C, with six colonies per cubic centimetei 

Diagnosis — It was not dear at first whether the aplastic anemia was due entireh to the 
infection of the blood stream or whether the bacteremia w r as merely an mtercurrent process 
de\ eloping during the course of some underlying disease Sepsis w T as the immediate pioblem, 
ho,\e\er, and therapv w r as directed tow r ard the eradication of the streptococcic infection 

Com sc of Illness — The important data are summarized in figure 1 Since the first chill 
occurred one W'eek before entry, it is assumed that the bacteremia began at that time Admission 
to the hospital, then, was during the second w r eek of the illness 

Although the patient’s prognosis seemed poor on admission, there W'as rapid improvement 
after therapj with sulfadiazine w’as begun The blood culture was negative for hemolvtic 
streptococci on the third daj of hospitalization, the rash had disappeared and most of the 
pustules were beginning to heal within four da>s, and at the end of the eighth day the tem- 
perature was normal Three blood transfusions w r ere given during the first w r eek The 
remainder of the course of illness during the hospitalization w'as uneventful Except for a 
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niation, but unfortunately it was not done m this case Fuithei similanties in the 
properties of organisms of gioups A, C and G organisms aie to be piesented and 
discussed latei in this papei 

B \CTLRIOLOGIC DATA 

The 01 ganisms weie isolated fiom the patient's blood stream m devtiose 
infusion hioth and on pouted blood agai plates On sm face and on ponied plates 
the colonies piesented the typical appearance pioduced by oi gamsms of Lancefield 
gioup C, which has been descubed by Rantz and Jewell Photogiaphs of such 
plates aie lepioduced m figure 2 Suiface and ponied plates containing colonies 
of group A organisms aie also included to show that then appeal ante dilfeis from 
that of colonies of gioup C oi gamsms The chief diflfeience lies in the si/e of the 
hemohtic zone, which is largei for gioup C stiains and has a less distinct maigin 
The colony of gioup C organisms is somewhat laiger, particulaih on the pouied 
plate 

The Lancefield grouping was peifoimed b} Rant/’s modification of the 
foimamide method of Fullei 1Jn The results were especial!} clcaicut moie so than 
is usualh obseived with group C oi ganisms and theie weie no cioss leactions 



Fig 2 — Poured (A) and surface (C) blood agar plates containing hemohtic streptococci 
of Lancefield group C isolated from our patient and similar preparations (B, poured plate 
D, surface plate) of hemohtic streptococci of Lancefield group A The colonies of group C 
organisms are larger than colonies of streptococci of gioup A, and the hemoljtic zone is 
larger with a less distinct margin than that of the colonies of group A organisms 

Aftei the organisms had been tiansfeired m infusion broth dail) foi seveial 
weeks a small colony variant appealed Its pioperties w r eie studied but wei e not 
sufficiently different from the oiigmal laige colony foim to merit special mention 

FIBRINOLYSIN 

Tillett and Gamei 14 found m 1933 that broth cultuies and cell-fiee cultuie 
filtrates of many strains of hemolytic streptococci of human oiigm contain a sub- 
stance capable of dissolving clots of normal human fibnn and that a resistance to 
this lytic action develops m the plasma of patients during or aftei infections caused 

13 Rantz, L A, and Jewell, M L The Relationship of Serologic Groups A, B, and C 
of Lancefield to the Type of Hemolysis Produced by Streptococci in Poured Blood Agar Plates, 
J Bact 40 1 , 1940 

14 Tillett, W S, and Garner, R L The Fibnnohtic Activity of Hemohtic Streptococci 
J Exper Med 58 485, 1933 
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stieplohsm O is ioimcd b} stiams belonging to gioups A, C (human) and G but 
not b\ stiams belonging to gioups B, C (animal), D, E, G and IC It was mfeiied 
that the sti cptoh sins O pioduced by gioups A, C and G weie identical This 
obsenation is of special mtei est when it is lecalied that A, C and G aie the thiee 
gioups that most commonl) cause infections in human beings 

Stieptohsm S, on the othci hand, is gioup specific -L i e, gioup A anti- 
stieptohsin S does not neutiali/e the stieptolysin S of any of the othei gioups 

flic ouh descuption of tiliations of antisticptolysin m human beings with 
infections caused In membeis of gioups othei than A is that of Longcope 8 J-Je 
found high titeis of antisticptolysin O m 2 patients infected wuth the “minute 
hcmohtic sticptococci” of Long and Bliss, 0 which aie membeis of gioup F On 
the othei hand, no stiej)lo!}sin O was pioduced In' the thiee gioup F stiams studied 
In Todd-' so that the status of the membeis of this gioup needs to be fuithet 
studied 

Since antistieptohsm has not been picpaied by injection of gioup C stieptolysin 
into animals and since no pievious studies hate been lepoiied on human subjects, 
it is of unusual intei est to lecoid the lesults of the expeiimcnts peifoimed m con- 
ncclion with this patient 


Companion of Gioup A and Gioup C $7/ cploh'uu O 


Minimal hemoU lie do'a 

Gioup A 

Group O 

Freeh culture 

0 03 cc 

0 05 cc 

After filtration 

0 03 cc 

0 05 cc 

After reduction 

0 03 cc 

0 10 cc 

Combining unit with Rroup V antistreptolysin 

0 25 cc 

0 3 cc 

'Jtitr.ition with patient e c cru m on two occasions 

3,075 units 
> 000 units 

2.000 units 

5.000 units 


Pioccdmc and Results — Stieptolysin O wxis piepaiecl fiom gioup C oigamsms 
accoi ding to the method of Coburn and Pauli J ' At the same time stieptolysin O 
w r as made fiom a gioup A stiam ( / \ionson-Schuet/ci ) The data concerning the 
two Esins is piesented m the table Their behavioi w r as almost identical in all 
icspects The gioup A lysm produced hemolysis somewhat moie lapidly, but no 
diifeicnce could be detected aftei one half-houi’s incubation Neutiali/ation was 
cleaicut, and the combining unit w r as icadily determined with gioup A anti- 
streptolysin Of special mtciesl wane the titiations of the patient’s seium until 
both gioup A and gioup C sti eptolysms The patient’s antistreptolysin titci against 
gioup A by sin is chaited m figuie 3, wheie it is cori elated with the lesults oi the 
agglutination and the fibimolysm tests A high titei developed early m the disease, 
and it w'eis still consideiably elevated at the time of the patient’s death sixteen weeks 
latei 

Comment — The stieptolysms O of gioups A and C aie much alike They are 
both actively lytic and aie icadily neuti aimed by both group A and gioup C 
antistieptolysin The group C lysm is antigenic and produced a high titer of anti- 
stieptolysm m the patient’s seium The titei was the same with gioup A and 
gioup C stieptolysms, which suggests that no gioup specificity exists, but that the 
stieptolysms produced by the two gioups are similar if not identical 

25 Coburn, A F , and Pauli, R Ii Studies on the Immune Response of the Rheumatic 
Subject and Its Relationship to Activity of the Rheumatic Process I Ihc Determination 
of Antistreptolysin Titer, J Exper Med 62 129, 1935 
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The group C fibnnolysin was acta el) lytic, of almost the same potency as the 
solid group A substance This similant) m action has been obseived in over two 
hundred fibrinolysm tests Compaiative cuives have been piesented elsewdieie 20 

The patient’s plasma w^as repeatedly tested against the fibnnolysin produced 
by the invading oigamsm, as well as by the two gioup A stiams The results are 
presented m figuie 3 Complete lesistance to lysis developed foi all thiee strains 
during the acute stage of the illness The amount ot antifibnnoUsin began to 
decrease giadually aftei a few weeks at different lates for each of the strains 

Comment — Theie is a sti iking similant) in the action of the fibrmolysins 
pioduced by the gioup A and gioup C stiams Both aie actively lytic and gne 
almost identical lesulta m normal persons and in peisons with infections caused b\ 
oiganisms of gioup A The titei of antifibiinolysm of the plasma of the patient 
with an infection caused by stieptococci of group C is neaih the same when tested 
with gioup A and with gioup C hsms If the fibnnohsms weie gioup specific, 
there should nave been a lughei titei with the homologous than with the hetei- 
ologous stiams As the titei fell howeiei, theie was actuall) a shoitei fibi molt sin 
time wnth the gioup C (homologous) stiain It was shown In Mote Massed 
ana Jones -1 that theie aie quantitative diiierences in the fibnnohsms and anti- 
fibnnol) sms pioduced by various gioup A stiams The diflei dices in the gioup 
A and group C desenbed m this papei aie of the same natuie Howcvei, if 
theie u r eie actual qualitative difieiences the vanations in titei s should hate been 
much widei than those lecoided 

The evidence suggests that fiom a quahtatne standpoint the fibnnohsms pio- 
duced b) gioup A and gioup C aie similar, if not identical 

STREPTOIASIX 

It has been known foi man) teais that hemohtic stieptococci pioduce a soluble 
substance which is capable of hsing led blood cells This substance, called 
stieptolysm, is antigenic 2- , 1 e, when it is injected into the blood stream of 
animals, it stimulates the pioduction of a substance, antistieptoh sin, which will 
neutralize the hemolytic activit) of stieptol)sm in ntio Inci eased amounts of 
antistreptolysin m human hemgs also develop dui mg 01 aftei infections caused In 
hemolytic streptococci Detei mmation of the titei of antistieptoh sin has become 
an impoitant method foi the stud) of known streptococcic mtections and also of 
diseases of obscuie ongin, such as lheumatic fetei and glomeiulonephntis, which 
aie thought to be associated in some way with hemol)tic stieptococci 

Ihe 1 elation between the streptol)sms pioduced b) membeis of the vanous 
Lancefield gioups is a subject of consideiable mteiest Todd -J found that two 
distinct seiologic vaneties of stieptolysm can be prepaied fiom hemolytic strepto- 
cocci of gioup A They have been named stieptolysm O, to indicate sensitivity to 
ovygen, and stieptolysm S, to indicate extractabihty in seium It was latei 
shown, 24 by neutialization expenments with group A antistieptolysm O, that 

20 Kirby, W M M , and Rantz, L A The in Vitro and in Vivo Effect of Sulfonamide 1 ! 
upon the Streptococcal Antifibrinolysin Test, J Clm Investigation 21 295, 1942 

21 Mote, J R , Massell, B F, and Jones, T D Differences in Hemohtic Streptococcal 
Antifibrinoiysms, J Immunol 36 71, 1939 

22 Todd, E W A Comparative Serological Study of Streptolysins Derived from Huimn 
and from Animal Infections, with Notes on Pneumococcal Hemohsin, Tetanolvsin, and Staphvlo- 
coccus Toxin, J Path &. Bact 39 299, 1934 

23 Todd, E W The Differentiation of Two Distinct Serological Vaneties of Stieptohsin, 
Streptolysin O and Streptolvsin S, J Path & Bact 47 423, 1938 

24 Todd, E W The Streptolvsms of Various Groups and Tvpes of Hemohtic Strepto- 
cocci A Serological Investigation, J H\g 39 1, 1939 
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thiee gioups ha\e l)een made, although it has been shown that eiythrogemc toxin 
is not the same substance as stieptotysm “° Groups A, C (human) and G stuuns 
all pioduce actne fibi molt sins and stieptol}sms O, while stiains belonging to the 
othci gioups do not 

The quahtatne and quantitative lelations between the sti eptolysms and the 
fibnnohsms pioduced b) the thiee gioups have been little studied, and most of 
the expci iments bate been peifoimed with animals Theiefoie the studies made 
m connection with oui patient, wdnch suggest that the fibrmolysins and streptol- 
} sms O of gioups A and C aie sunilai, if not identical, are paiticulaily interesting 
It can be said that hemol)tic stieptococci of groups C and G have certain 
chaincteiislics m common with membeis of gioup A and that they may be equally 
cajiable of pioducmg seveie mteetions in human beings It is only through con- 
tinued coneiadon of caielul clinical and laboiaton obsei vations, such as have been 
attempted m this stud), that the lole of the raiious Lancefield groups of hemolytic 
streptococci m mteetions in human beings will be finally detei mined 

SLM\tAR\ AND CONCLUSION'S 

\ case of bacteiemia caused In hemol}tic stieptococci of Lancefield group C 
is icpoited in which ieco\en followed admmistiation of sulfadiazine Some 
clinical featuies of the case aie discussed, including the mechanism of recoveiy 
and the natuie of the scailatimfoim lash 

The pertinent liteiatuie is leviewed and the results of immunologic studies 
made m connection with this case aie piesented The evidence suggests that the 
fibnnohsms and stieptohsms O of gioups A and C aie similar, if not identical 
These findings aie discussed m 1 elation to the Lancefield groups as a whole, 
and it- is pointed out that membeis of gioups C and G have ceitam chaiactenstics 
m common with members of gioup A and that they may lie equally capable of 
pioducmg severe infections in human bemgs 

Stanford Umversitx Hospitals 
2361 Cla\ Street 

30 Todd E \Y , Laurent, L J II, and Hill, X G An Examination of the Relationship 
Between Streptococcal Antitoxin and Antistreptoh sm, J Path & Bact 36 201, 1933 
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AGGLUTININS 

Antibacteual immunity, the 1 espouse of the body to the bactena themselves 
rathei than to then products, can be studied by demon stiatmg antibacteual 
agglutinins or piecipitins in the blood seium Agglutination tests, particularly 
with the tube method, aie not entnely satisfactoiv in studying streptococcic infec- 
tions, partly foi technical leasons and parti) because agglutinins seem to be foimed 
n regularly - G The slide agglutination method mtioduced by Ozaki - T lias simplified 
the pioblem somewhat, particulaily when a gieat mail) tests aie being pei foimed 

Pioccdmc and Results — The lesults of slide agglutination tests pei foimed 
with the homologous organisms aie shown in figuie 3 Agglutinins appealed in 
low dilution eaily m the illness and disappeaied between tbc fifth and the se\enth 
week after the onset of bacteienna Tests pei foimed against vaiious Gnffith t)pes 
of gioup A oiganisms-’' weie positive, undiluted, for t\pes 2 and 25 throughout 
the entire penod of sixteen weeks dui mg which the patient was studied 

Comment — The lesults with the homologous oigamsm aie similar to those 
repoited from other clinics-'’ namely, that antibacteual immunity can be demon- 
strated foi only a relatively shoit time aftei iccovei) fiom streptococcic infections 
The positive reactions with types 2 and 25 of gioup A aie ol mteiest and indicate 
that some cioss reactions do occui among the Lancefield groups 

GENERAL COMMENT ON IMMUNOLOGIC DATA 

Since 95 pei cent of infections caused b) hemolytic stieptococci in human beings 
aie caused b) oiganisms belonging to gioup A (Lancefield) the opinion has 
become widespiead that members ot the othei gioups are lelativeh avirulent 
Consideiable clinical and expenmental evidence is giadually accumulating, however, 
which suggests that this point of view mav ha\e to be modified The evidence is 
laigel) made up of single, isolated observations which we have collected cori elated 
with the case repoited heie and discussed in then i elation to streptococcic infection 
m general 

Severe infections have been caused by membeis of gioups othei than A, chief!) 
groups C and G suggesting that the frequency of infections due to oiganisms of 
the vaiious gioups may be paitly a mattei of geneial chstiibution of the organisms, 
radiei than of lelative virulence Fuithei it is becoming apparent that oiganisms 
belonging to groups A C and G have ceitam chaiactcnstics m common which aie 
chfTeient fiom those of members of the othei gioups These tlnee groups are the 
ones most commonly isolated, m the oidei named, m infections in human beings, 
and this may be in part due to then unique piopeities A characteristic lash, 
lesembling that of scailet fevei, has been observed in cases of infection due to 
oiganisms m each of these tlnee gioups, suggesting that they all pioduce an 
erythrogemc toxin Scarlet fevei has been caused by gioup C oiganisms, and 
both gioup C and gioup G strains have been lesponsible for erysipelas No studies 
of the qualitative oi quantitative nature of the toxins pioduced by members of the 

26 Myers, W K , and Keefer, C S Antistreptolysin Content of the Blood Serum in 
Rheumatic Fever and Rheumatoid Arthritis, J Clin Investigation 13 155, 1934 

27 Ozaki, M The Agglutinin Content of Placental Sera for Various Types of Group A 
Streptococci, Kitasato Arch Exper Med 14 314, 1937 

28 Griffith, F Serological Classification of Streptococcus Pyogenes, J Hyg 34 542, 1935 

29 Schlesinger, B , and Signv, A G Precipitin Reactions in the Blood of Rheumatic 
Patients Following Acute Throat Infections, Quart J Med 2 255, 1933 Coburn, A F , anc 
Pauli, R H Studies on the Relationship of Streptococcus Hemolyticus to the Rheumatic 
Process III Observations on the Immunological Response of Rheumatic Subjects to Hemoh tic 
Streptococcus, J Exper Med 56 651, 1932 
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subsequently commented on It was only after the isolation by Collip 5 
of a potent extiact of the parathyioid glands that the relationship between 
these diveise clinical conditions and abnormalities of the parathyioid 
glands was tecognized It was found that the histologic and chemical 
changes pioduced by paiath)roid extract m the expenmental animal 
w ei e indeed vei y similai to the histologic and chemical changes observed 
in patients \Mth tumois of these glands 

Ceitain things then became cleai The common denominators in the 
apparently um elated conditions of chiomc lenal disease, osteomalacia, 
nckets, carcinomatous metastasis to the bones G and osteitis fibiosa cystica 
weie the extensive boiw changes, although these changes were dissimilar 
in the various conditions, and the abnoimahties of the parathyioid 
glands although these abnoimahties also were different One phe- 
nomenon, howevei, had been almost consistently observed and that was 
that when the bony changes were such as were described by Reckling- 
hausen, a tumoi of a parathyroid gland was almost always found, whereas 
in the otliei conditions all four paiathyioid glands were usually hyper- 
plastic 

The final ciystalluation of the pathologic distinction was provided 
b\ the woik of Castleman and Malloi} 7 Employing then findings as 
a basis, the}' classified eniaigements of the paiathyioid glands into two 
gioups — those due to tumor and those due to h)peiplasia Tumor 
usually affects one, laiely two paiathyioid glands, the lemammg para- 
thyroid glands are perfectly noimal giossly and histologically When 
the pathologic enlargement of the parathyioid glands is due to hyper- 
plasia, all foui glands aie usually involved The eniaigements in the 
latter group are fuither divided into primal y and secondary The pri- 
mary li)peiplasia produces actual primary hyperparathyroidism as 
described by Albright, s and the secondary, the hyperplasia which is 
usually associated with the presence of chronic renal disease, rickets, 
osteomalacia, multiple myeloma and Cushing’s syndrome The secondary 
hyperplasia occuis as a compensatory mechanism in lesponse to the 
underlying disease Pei haps it is worth while emphasizing that secon- 
dary hyperpai athyi oidism is a tiue hyperfunction of the parathyroid 
glands, although not amenable to theiapy as is primal y hyperpara- 
thyroidism 

5 Collip, J B The Parathyroids, Medicine 5 1, 1926 

6 Klemperer, P Parathyroid Hyperplasia and Bone Destiuction m Gen- 
eralized Carcinomatosis, Surg , Gynec & Obst 36 11, 1923 

7 Castleman, B, and Mallory, T B Pathology of the Parathyioid Glands 
in Hyperparathyroidism Study of Twenty-Five Cases, Am J Path 11 1, 1935 

8 Albright, F Hypeiparathyroidism Due to Idiopathic Hypertrophy of 
Parathyroid Tissue Follow-Up Repoit on Six Cases, Tr A Am Physicians 
52 171, 1937 
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general considerations 

In 1891 Recklinghausen' 1 ’ 1 described a curious disease of bone chai- 
actenzed by destruction and lepau, marked softening of the bones and 
the piesence of odd cysts He lecogm/ed the sinnlarit) of Ins cases to 
that descnbed by Engel 11 ’ some twenty-seven yeais prcuousl) Reck- 
linghausen was not aware of any endocrine disordci associated -with the 
bon) changes which he described As a matter of fact dui mg the com se 
of the next numbei of yeais man) pathologists - noted tumors of the 
paiathyroid glands in the piesence of certain kinds of bone disease but 
failed to giasp the etiologic relationship between the two Eidheim*' 
was piobably the first to recognize more than a casual lelationship 
between the bony changes and the lnpciplasia of the paiathyioid glands 
in cases of osteomalacia, although lus explanation of the obseived phe- 
nomena later pro\ ed to be inadequate It is easy to undci stand the eaily 
confusion of the pathologists H)perplasia of these glands had been 
obseived in a vanety of conditions Thus MacCallum, 1 as cailv as 1905, 
lepoited enlargement of the paiatlrwoid glands in chronic renal disease 
Its presence in osteomalacia, rickets and Recklinghausen’s disease was 

Eugene Mejer Jr Fellow 

From the Medical Service of Dr George Baehi and the Department of 
Chemistry, Laboratories of the Mount Sinai Hospital 

1 (a) von Recklinghausen, F, in Festschrift Rudolf Virchow zu semen 71 

Gebuitstage, gewudmet von den fruheren und jct/igcn Assistentcn des Berliner 
pathologischen Instituts, Berlin, G Reimcr, 1891 (b) Engel, G Ein Fall ion 

zvstoidei Entartung des ganzen Skeletts, Inaug Dissert , Giessen, F C Pietscli, 
1864 

2 Daw'son, J W, and Stiuthcis, J W Geneiah/ed Osteitis Fibrosa with 
Parathyroid Tumor and Metastatic Calcification, Including a Cutical Discussion 
of the Pathologic Processes Underlying Osseous Dvstroplues, Edinburgh M J 
30 421, 1923 

3 Erdheim, J, cited by Biedl A Inneie Sehretion, ed 2 Berlin, Urban & 
Sclnvarzenberg, 1913, pt 1, p 108 

4 MacCallum, W G Tumoi of the Parathvioid Glands, Bull Johns Hopknw 
Hosp 16 87, 1905 
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m the calcium and phosphoius in the mine and decalcification of the 
bones The maiked mciease in the calcium excreted m the urine can be 
utilized as a test foi hypei function of the parathyioid glands, since the 
patient will exciete moie calcium than he consumes and will be in nega- 
tive calcium balance The question as to whether theie also occurs an 
mciease in the calcium excieted in the stool in primal y hyperpaia- 
tlni oidism is an mtei esting one Albught and his co-woikers 11 found 
that paratlruoid extiact exeicised no effect on the fecal excietion of 
calcium m 8 patients 4 with otoscleiosis 2 with chiomc lead poisoning 
and 2 w ith ossift ing hematomas Bulger, Dixon and Bai r 15 howevei , 
m their classic papei on h\ perpaiathvioidism, found that in 2 of their 
3 cases theie did occur an increase m the fecal excietion of calcium 
The essential difteience between the two gioups is that one dealt with 
pei sons in whom the paiathyroid glands w r eie not dnectl) implicated, 
the othei wnth patients m wdiom theie w^as definite hypei function of these 
glands The site of the excretion of calcium is detei mined to a great 
extent by the availability of a paiticular loute foi the excretion of 
calcium The factois wdnch may detei mine this will be discussed m 
gieatei detail latei But if foi one or a numbei of difteient reasons, the 
amount of calcium wdnch can be excieted in the mine is not adequate, 
as it ma} not be in chronic lenal disease, 10 then an mciease in the 
excietion of calcium and phosphoius into the gastrointestinal tiact may 
result 

As was mentioned befoie the causative agent of osteitis fibrosa 
c\stica or pi unary h\ pei paiathyroidism is usually an adenoma of a paia- 
th)roid gland Occasionally theie may be an adenoma of more than 
one paiathyroid gland 17 Howevei, Alibi lght and Ins co-woikeis 8 
described 6 cases of primal y hypei pai athyi oidism associated with hyper- 
tiophy of the paiathyroid glands m the absence of an actual tumor 
Wilder 1S cited a case descnbed by Dubois, Aub, Bauer and Richardson 
in w Inch a patient presented all the classic signs and symptoms of hypei - 
para thy l oidism, including a negative unnaiy calcium balance At opeia- 

15 Bulger, H A , Dixon, H A , and Barr, D P The Functional Pathology 
of Hyperparathyroidism, J Clin Investigation 9 143, 1931 

16 (a) Halveison, J O , Mohler, H K, and Bergeim, O The Calcium Con- 

tent of the Blood Serum in Certain Pathological Conditions, J Biol Chem 32 171, 
1927 (6) Scriver, W de M Observations on the Excretion of Calcium in Two 

Cases of Nephrosis Treated with Parathyroid Extract, J Clin Investigation 
6 115, 1928 ( c ) Hetenyi, G, and Nograde, S V Ueber die Kalkausscheidung 

der gesunden und kranken Niere, Klin Wchnschr 6 1308, 1925 

17 Jaffe, H L Hyperparathyroidism, Bull New York Acad Med 16 291 
(May) 1940 

18 Wilder, R M Hypei parathyroidism Tumor of the Parathj'roid Glands 
Associated with Osteitis Fibrosa, Endocrinology 13 231 (May) 1929 
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The use of a potent paiathyioid extract 5 seivcd to demolish ale the 
charactei istic chemical changes which occui in hy pei pai atln 1 oidism and 
which result in the classic bom changes Gieenwald and Gross 0 showed 
that the admimsti ation of patathyioid extiact to dogs ptoduced hyper- 
calcemia with increased excietion of both calcium and phosphorus in the 
uime The clinical pictuie of pi 1 man In pei pai ath\i oidism then came 
into shaipei focus and in 1926 Mandl 10 utilizing this information 
operated on a patient with osteitis fihiosa cystica and found and removed 
an adenoma of the pai atln iokI glands The biilhant clinical recot en 
wdnch followed this operation was a tempoian one, but it sened to 
establish the entitt of osteitis fibiosa cystica associated with tumor of 
the parathnoid glands on a firm clinical footing Mandl m this patient 
demonstiated essentially the same phenomena that Greenwald and Gross 
found in then dogs Betoie operation the mine showed excessive 
amounts of calcium while aftei operation the calcium content fell to 
normal In 1929 Albright and his co-woikcis 11 showed that the cfiects 
of parathyioid cxtiact injected into man weie similai to those m the 
dog Somewhat eaihei Hueper 1 - demonstiated that metastatic calcifi- 
cation occui led chaiactei isticalh in the lungs, the gastuc mucosa and 
the kidneys aftei the admimsti ation of excessive amounts of parathyioid 
extract to dogs Bauei and his gioup 1J and Jaftc 3 ' lepoited decalcifi- 
cation of the skeleton lesultmg fiom long-continued admimsti ation of 
parathyroid extiact 

If we weie to summarize the clinical findings of pnmaiy hypeipaia- 
thyroidism we should find that they aie essentially the same as those 
which follow piolonged admimsti ation of a paiathuoid cxtiact to 
dogs There occui hvpei calcemia lowering of blood phosphate mciease 

9 Greenwald, I, and Gioss, T The Effect ol Tin roparatlw roidcctomj m 
Dogs upon tlie Excretion of Calcium, Phosphorus and Magnesium, J Biol Chem 
66 185, 1925, The Effect of the Administration of a Potent Paiathyroid Extract 
upon the Excretion of Nitrogen, Phosphorus, Calcium and Magnesium, with Some 
Remarks on the Solubility of Calcium Phosphate m Serum and the Pathogenesis 
of Tetany, ibid 66 217 1925 

10 Mandl G Klimsches und Experimcntelles zur Frage der lokalisierten 
und generalisierten Ostitis fibrosa, Arch f klin Clin 143 245 1926 

11 Albright, F , Bauer, W , Ropes, W, and Auh, J Studies in Calcium and 
Phosphorus Metabolism IV The Effects of the Parathjioid Hoimone, J Clin 
Investigation 7 139, 1929 

12 Hueper W Metastatic Calcifications in the Organs of the Dog After 
Injections of Paiathyroid Extract, Aich Path 3 14 (Jan) 1927 

13 Bauer, W , Aub, J C , and Albright, F Studies of Calcium and Phos- 
phorus Metabolism V A Study of the Bone Trabeculae as a Readilj Available 
Reserve Supply of Calcium, J Expei Med 19 145, 1929 

14 Jaffe, H L Hyperparathyroidism, Aich Path 16 63 (Tuly) , 236 (Aug) 
1933 
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tion between pnmaiy h)peipaiathyioidism and chionic renal disease 
w ith secondai)- hypeipaiath} loidism is frequently quite difficult It must 
be lemembeied that m Recklinghausen’s disease recunent renal calculi 
may occui, which can pioduce extensive renal damage In these instances 
chionic lenal failuie may develop, which may pioduce a distoition of 
the chaiactenstic chemical findings m the blood One sees the combi- 
nation of a well defined adenoma of a paiath)ioid gland with hyper- 
plasia of the remaining paiatlnioid glands Such a case was descnbed 
b) Downs and Scott- 5 and such an instance is included in our gioup 
(case 3) In these cases it is possible to postulate that the chronic lenal 
failure lesultmg from the adenoma of the paiathyroid gland has induced 
in turn, h\perplasia of the other parathyroid glands 

The question anses as to why h}peiplasia of the paiathjroid glands 
develops m patients with chionic lenal insufficiency We know that the 
chionic lenal disease and the chionic acidosis precede the glandular 
hi peiplasia Bony changes, notabl) decalcffication, 20 have been described 
in chionic lenal failuie, wdnle acidosis is not infrequently associated with 
mciease in the unnai) calcium output 15 Pei haps the increase m the 
ui inary excretion of calcium undei such cucumstances occui s because 
the ability of the kidneys to form ammonia is impaired In any event, 
while calcium is excieted in the unne in excessive or in adequate amounts, 
phosphate is retained It is a moot point whether the parathyioid 
glands are concerned pi imarily with the metabolism of calcium or with 
that of phosphorus Since the two ions enjoy a recipiocal relationship 
expressed essentially by the equation [Ca ++ ] 3 X [PO. t = l 2 = K, it is 
questionable whether one can distinguish a pnmaiy effect on either of 
these ions Plowever, Albnght and his co-woikers 11 expressed the 
opinion that the primary effect of parathyioid extract is on the metabo- 
lism of phosphorus lathei than on that of calcium This apparently 
■was the view r of Shelling and Remsen, too 22 Albright contended that 
parathyroid extract causes primarily an increase in the urinary excretion 
of phosphorus with lesultmg hypophosphatemia Because of the loveied 
level of serum phosphorus, the seium is less saturated with calcium 
phosphate, and consequently theie is an increased tendency for calcium 
phosphate to enter the blood, either from the bones oi from the gastro- 
intestinal tiact This produces lrypeicalcenua and secondarily hypei- 
calciuria 

25 Downs, R S , and Scott, V Hyperparathyroidism with Adenoma Causing 
Renal Failure and Secondary Hyperparathyroidism, Aich Int Med 67 658 
(March) 1941 

26 Ginzler, A M , and Jaffe, H L Osseous Findings in Chronic Renal 
Insufficiency in Adults, Am J Path 17 292, 1941 
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tion, howevei, no abnoimalities were found Two noimal paiathjioid 
glands were lemmed, and this was followed In a consideiable improve- 
ment in the patient’s condition Wilder concluded that theie can be 
hypei function of the parathyroid glands without eithei hypertrophy 01 
tumoi, and he drew an apt analogy to the hypei msuhnism occurring in 
the absence of an adenoma involving the islets of Langeihans That 
this is a distinct possibility mav well be true But it should be lemem- 
bered that a tumoi may be present m an alien ant paiatlnioid gland 
located in the mediastinum and it not specifically and expci tl) looked 
for, it may very well be missed (note cases 1 and 2) 

Patients yyith secondary hyperparath) loidism foim a relatively laige 
group, and one nevei finds an isolated adenoma of a paiatlnroid gland in 
these patients but, rather, hy pei plastic glands yyith oi yyithout the chai- 
acteristic bon} and chemical changes, or the bony and chemical changes 
yvith lnstologicalh peifecth noimal parathvioid glands Secondary 
h} pei parathy loichsm maj occui in patients with chronic renal disease 
multiple myeloma, carcinomatous metastasis to the bones, Cushing’s syn- 
drome, rickets osteomalacia and perhaps seveial othei clinical conditions 
The most common of these is chiomc icnal disease 

Bergstrand, 1 ’ Hubbard and Wcntyvoi th -° Pappenheimei and 
Wilens, 21 Shelling and Remsen, 22 Shelling 2J and Andcison 21 ha\c 
reported excellent studies on the l elation of chronic renal disease to 
hypei parathyroidism The characteristic pictuie is that obseived in a 
patient with long-standing renal disease and chronic acidosis in yvhom 
extensive bony changes ha\e developed The blood calcium is usually 
normal but maj be either depressed or elevated The blood phosphorus, 
hoyvever, is almost ahvays elevated Studies ot the calcium balance 
usually }ield results similai to those obtained in a patient yvith primary 
hyperparathyroidism Roentgenogi aphic studies of the skeleton gen- 
erally show extensive decalcification of bon} structures and not infie- 
quently metastatic calcification m y r anous othei parts of the body The 
parathyroid glands may be maikedly hyperplastic The clinical distmc- 

19 Bergstrand, H Paratlw roideastudien II Ueber Tumorcn und hyper- 
plastische Zustande der Nebenschilddrusen, Acta med Scandinai 54 539, 1921 

20 Hubbard, R S, and Wentworth, J A A Case of Metastatic Calcification 
Associated with Chronic Nephritis and Hyperplasia of the Paiathyroids, Proc 
Soc Exper Biol & Med 18 307, 1921 

21 Pappenheimer, A *M , and Wilens, S L Enlargement of the Parathyroid 
Glands in Renal Disease, Am J Path 11 73, 1935 

22 Shelling, D H , and Remsen, D Renal Rickets, Bull Johns Hopkins 
Hosp 57 158, 1935 

23 Shelling, D H The Parathyioids in Health and Disease, St Louis, 

C V Mosby Company, 1935 

24 Anderson, W A D Hyperparathyroidism and Renal Disease, Arch Path 
27 753 (April) 1939 
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theie m<n be a distuibance m this lelationship This will happen pai- 
ticularh m the piesence of extensive lenal disease In the absence of 
such lenal disease the elevation of the blood calcium is compensated for 
b} mci eased excietion of phosphoius m the mine above that of calcium 
so that the pioduct of the calcium and the phosphorus concentration 
lemains constant When lenal failuie occuis, howevei , and the unnai y 
excietion of phosphoius is i educed the lelationship between the calcium 
and the phosphate ions is alteied, both in the mine and in the blood 
In addition the othei faclois which govern the solubility of the calcium 
aie also changed As a result, the degree of solubility of calcium phos- 
phate is changed in these mediums Such alteiations in the factors 
go\emmg the solubility of the calcium piobably deteimine precipitation 
of calcium phosphate m the tissues In this respect it is intei estmg to 
note that deposits of calcium occm paiticulaily m the lungs, the gastric 
mucosa and the kidnets organs m which the lndiogen ion concenti ation 
ilia) \ ai \ consideiabh from that of the blood 

CLINIC \L CONSIDERATIONS 

The symptoms of pnmaiy hypeipaiathyioidism may be roughh 
diuded into turn laige gioups the geneial symptoms, such as weakness, 
lassitude anorexia, loss of weight, diffuse aches and pains and othei s. and 
the specific symptoms that is, those lefeiable to the gemtourmaiy tract, 
the skeletal system and the h) pei calcenna The genitouimary symptoms 
aie those associated wuth lecuiient lenal calculi Probably 30 to 40 pei 
cent of the patients wuth pi unary hyperpaiathyioidism have evidence 
of the piesence of uiinaiy calculi at some time oi other during the couise 
of the disease Not mfiequentl) the first evidence of the illness is the 
presence of such stones Of 17 cases piesented by Albught and his 
group 2 " 8 weie discovered during loutine detei mutations of the blood 
calcium m patients wuth urinary hthiasis In 3 of the 5 cases included 
m our group of Recklinghausen’s disease urinai) calculi w^eie found 
Such stones may appear years befoie any other signs of hypeipaia- 
thyioidism are piesent Not mfi equently, the calculi are bilateral The 
evidence of progiessive renal failuie so often seen m patients with 
primal y hjperparathyioidism occuis in these patients with renal calculi 
Deposition of calcium may also occm m the renal substance itself 

In instances in which renal calculi have produced impairment of lenal 
function, there may occur a distoition of the charactenstic chemical 
findings m the blood usually seen m Recklinghausen’s disease In these 
instances the blood phosphorus may lie elevated and the urinary calcium 

29 Albright, F , A.ub, J C , and Bauer, W Hyperparathyroidism Common 
and Polymorphic Condition as Illustrated by Seventeen Proved Cases from One 
Clime, JAMA 102 1276 (April 21) 1934 
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The pioponents- 7 of the othei theoiv held that paiathyioid cxtiacl 
acts on bone tissue to dissolve and hbeiate calcium phosphate This 
causes hypei calcemia, hypeicalciuiia and hypei phosphatuiia But, as 
Albnght lightly pointed out, some secondan mechanism is requned to 
explain the hypophosphatemia 

It would be pointless for us to become invoked in a leview of the 
extensive arguments and expenmental evidence which hate accumulated 
concerning these tw r o hypotheses Clinically, we shall assume that the 
parathyioid glands aie concerned wnth the metabolism of calcium and 
phosphorus, particulaih wnth the mechanism of the excretion of these 
ions 

Occasionally one finds instances of both lenal nckcts and pnman 
hypei paiathyioidism in wdnch the cxcietion of calcium m the mine is 
1 educed In these instances studies of the calcium balance performed 
on the uime will not jield the chaiactei istic lesults Snappei - s attempted 
to explain this on the basis of vitamin D deficient S H Liu and his 
co-w-orkeis, quoted by Snappei - s found that in Mtamm D deficienct 
uiinaiy excietion of calcium is diminished, although the blood calcium 
may be noimal 01 even ekwated This explanation howevei, piobabh 
does not hold foi the patients with h) perpaiath) loidism seen in this 
countr) The 1 educed urinai \ excietion of calcium occurs onh m 
instances in wdnch there is present extensne lenal damage and it is 
the lattei factoi which piobably detei mines the 1 eduction ol the iiunan 
calcium output This hypothesis received expenmental confirmation m 
the work of Halveison and his co-woikers 1,11 that of Scuvei I, ’ h and that 
ot Heteii)i and Nograde lfit 

One of the mtei esting phenomena occasionally obseived both in 
pi unary h)peipaiath\roidism complicated In icnal impaiiment and in 
secondaiy h)peiparathyioidism due to lenal disease is that of diffuse 
metastatic calcification The presence of metastatic calcific deposits 
lepresents piecipitation of calcium phosphate The solubihtv of calcium 
phosphate is made possible and is also limited by ccilam pin sicochemical 
lelationships, such as the pu of the solvent medium the carbon dioxide 
tension, the piotein concentration and finally the total electrohte con- 
centration of the medium These factoi s wdnch detei mine the degiee of 
solubility of calcium phosphate in the serum also detei mine its solubilit} 
m othei mediums, such as the urine and peihaps the tissues When the 
factoi s mentioned aie kept constant the solubility of calcium phosphate 
is constant, that is [Ca ++ ] 3 X [P0 1 s ] 2 = K In hypei paiathyroidism 

27 Thompson, D L, and Colhp, J B The Paiathyioid Glands, Phvsiol Re\ 
12 309, 1932 Jaffe 11 

28 Snapper, I Diffeient Features of the Syndrome of Hvpei paiathyioidism, 
Acta med Scandinav 103 321, 1940 
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In exploung foi the piesence of an adenoma of the paiathyioid 
glands, it should be lemembered that one 01 moie of these glands may be 
abeuant and may be located in the stipenoi mediastinum No surgical 
exploiation is complete unless all foui of the glands have been visualized 
Although, geneially speaking, onl}' one gland is adenomatous, occa- 
sionally moi e may be involved 

Following paiathyioidectomy, theie will occui a piompt diop in the 
blood calcium, so that within twenty-foui houis it may have letumed 
to noi mal or even fallen to tetanic levels The blood phosphorus does not 
mciease for seveial daj'S, while the blood phosphatase may stay elevated 
foi many months oi even yeai s 30 

The onset of tetany after opeiation is not uncommon and may occur 
at any time within the hist two weeks When tetany occurs within the 
hist twenty-foui hours, it is not infrequently associated with a normal 
level of blood calcium but a level which is considerably lower than that 
piesent preoperatively Tetany which appears aftei seveial days is 
always associated with blood calcium values which are at tetanic levels 
The postopei ative tetany may be due to one of seveial factois The most 
important peihaps is functional atrophy of the noimal paiathyroid glands 
\itei lemoAal of the tumor, the remaining parathyroid glands will m time 
lesume then noimal function, but until such tune tetany may appeal and 
suppoitive tieatment be indicated Another common cause of postopei a- 
tive tetany is the removal of too much paiathyroid tissue This usually 
occui s m those instances in which more than one exploiatoiy opeiation 
has been peifonned before a tumor is found and lemoved, noimal paia- 
thyroid glands being lemoved m the pieliminaiy opeiations The tetany 
which lesults in these instances is of a peimanent charactei Finally, 
tetany may follow' a precipitate postopei ative di op m the blood calcium 
The tetanic manifestations may appeal despite the fact that the blood 
calcium value is piactically noimal 

The treatment of postoperative tetany' is essentially the same as that 
of spontaneous tetany Calcium is adnumsteied by mouth and paren- 
teially, the chloride and gluconate being used inti avenously The latter 
may be used mtiamusculaily and subcutaneously The mild tetanic 
manifestations aie leadily controlled with the aid of calcium alone, pai- 
ticularly when this is given mtiamusculaily oi intravenously The moie 
severe manifestations, however, require m addition the use of solution 
of paiathyroid or of dihydrotachystei ol Solution of paiathyioid 30 ” 

30 Gutman, A B , Tyson, T L , and Gutman, E B Serum Calcium, Inor- 
ganic Phosphoius, and Phosphatase Activity in H> perpai athyroidism, Paget’s Dis- 
ease, Multiple Myeloma and Neoplastic Disease of the Bones, Arch Int Med 
57 379 (Feb) 1936 

30a The preparation used in the cases reported was one meeting the standards 
for solution of parathyroid U S P 
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1 educed Ihis gioup is particularly difficult to distinguish from instances 
of lenal nckets, and the most helpful aid m the differentiation lies in 
eliciting a caieful history ot the onset of the disease The prognosis 
m this gioup is usually pool despite the successful icmoval of an adenoma 
ot a paiathyioid gland, since the patient may succumb to progiessnc 
lenal failiue It is impel ative to diagnose primal y hyperpaiathyioichsm 
before ureveisible changes in the kidneys have occuircd 

The skeletal changes m pinnaiy hyperparath) loidism maj be mani- 
fested by spontaneous fiactuies, lumps, usuall) of the extremities, the 
libs and the clavicles, and soft tumors of the jaw diagnosed as cpubdes 
Iheie may be marked deformities and a considerable reduction in height 
of the patient, and in extreme imohement, distoition of the bones in all 
directions Patients with the disease in this form are less common!} 
seen toda} , probabh because plnsicians aie more aware of the possibility 
ot hyperpaiathyioidism, and the disease is theiefore recognized eailier 
Pathologicall) , the most outstanding change m the bones is the gen- 
eiahzed demineiahzation Latei theie occur cists, giant cell tumois 
osteoclasts and osteoblasts and laige deposits of fibrous tissue In this 
disease, then, lesorptive and repaiatne pioccsses go on simultaneousl} , 
so that m place of the ouginal bone and manow spaces there aie piesent 
fibrous tissue, abundance of osteoclasts and osteoblasts and some new 
bone The destiuction ot hone, howevei, exceeds the foimation of new 
bone Roentgenologicall) , the decalcification and the cyst formation aie 
easih evident, and usually the entile skeleton is miolied in one way 01 
another to vaiymg degices In simple neoplastic metastasis to bones 
theie aie aieas which appeal entucly noimal in roentgenograms in 
conti ast ivilh the metastaticallv involved aieas This lack of unneisal 
mvohement in the lattei condition helps to distinguish loentgenologicalh 
betw een the two 

The symptoms usually associated with the hypei calcenna of pnmaii 
hvpeiparathyroidism are poliuna, polydipsia, musculai atony, bradi- 
caidia and occasionall} caidiac megulaiities 

The chaiactenstic metabolic chemical changes consist of hyper- 
calcemia, hypophosphatemia, hypei calcinuna, hyperphosphaturia and a 
considerable mciease in the blood phosphatase In addition, the patients 
usually have a negative unnaiy calcium balance, that is the excretion 
of calcium is considerably m excess of the intake 

It must be lemembered that the chemical findings just enumeiated 
need not, and indeed do not, occui in all cases This is particulaily tiue 
m the presence of impaned lenal function 

The tieatment of pnmaiy hyperpaiathyioidism is always smgical 
When the renal damage and the skeletal changes ai e not too extensn e, the 
ultimate outlook foi the patient is good Recalcification of the bones will 
eventually occui although the cists wall lemain essentially unaffected 
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The patient was admitted to the hospital for the third time m Novembei 1939, 
complaining of pain in the left flank, weakness and hematuria of three weeks’ 
duiation On physical examination, it was found that hei blood piessure had 
lnci eased to 190 systolic and 100 diastolic and that she had definite masses m 
both flanks Roentgenograms of the kidneys showed bilateial lenal calculi, while 
roentgenograms of the skeletal stiuctuie showed liiegulai absorption of the 
tiabeculae of the long bones, areas of raiefaction and increased density in the 
skull, cyst foi mation in the libs and calcification of the pelvic vessels The blood 
calcium now varied fiom 10 4 to 11 9 mg and the phosphoius from 4 5 to 5 6 mg 
pei bundled cubic centimeteis The blood phosphatase was 44 King-Aimstrong 
units and the uiea mtiogen laned fiom 28 to 60 mg pei hundred cubic centimeteis 

The possibility of a paiathyroid tumoi was now senously entertained, but 
suigical exploration of the neck failed to leveal any abnoimal parathyioid glands, 
although only tlnee were visualized 

The patient w r as again admitted to the hospital in August 1940, because of a 
fiactuie of the neck of the right femui The blood calcium now varied from 
110 to 13 0 mg and the phosphoius from 4 0 to 8 4 mg per bundled cubic centi- 
meters The blood phosphatase vatied fiom 22 to S2 Kmg-Aimstiong units, 
and the urea nitrogen constantly mounted Seveial months aftei this final 
admission the patient died in uremia 

On postmortem examination an adenoma of a letrosteinal paiathyioid gland 
was found, which weighed 12 Gm 

Comment — There are seveial points which stand out shaiply m this case 
They are the duration of the illness, which w r as approximately nine years, the 
piedonunant renal clinical picture with the foi mation of calculi, the obseivation 
that the blood calcium, although elevated, w r as not unduly so, while the phos- 
phorus, even in the early stages of the disease, w r as not stnkmgly low, and the 
exploiatory opeiation which failed to reveal the adenoma because the involved 
gland was retrosternal When lenal failure became w r ell advanced, it w T as 
impossible to determine whethei the hyperparathyroidism w'as primal y or secondaiy 
to the disease of the kidneys The discovery of an adenomatous paiathyioid 
gland, in addition to the tlnee normal glands, and the calculous chaiactei of the 
lenal disease on postmortem examination finally revealed this case to be one of 
true pnmary hyperparathyroidism 

Case 2 — I V, a w'hite woman 34 years of age, w r as admitted to the hospital 
in February 1934, complaining of urinai y incontinence and diurnal and nocturnal 
fiequency of foui months’ duiation Tw'o years previously she had had sinnlai 
symptoms, which w r eie corrected after antenoi and postenor colporihaphy Dui mg 
the present stay in the hospital, roentgen studies of the pelvis showed coaisenmg 
of the trabeculae of the innominate bones and of the head of the femur, as well as 
areas of increased density and smaller areas of tianspaiency These roentgen 
findings w'ere interpieted as suggesting Paget’s disease, although the blood calcium 
vaned between 119 and 13 8 mg and the phosphorus between 3 0 and 3 1 mg 
pei hundred cubic centimeters The blood phosphatase w r as 70 King-Aimstrong 
units 

The patient w'as readmitted to the hospital seven months later because of 
recurrent attacks of pain in the right side of the chest anteriorly, of sixteen days’ 
duration On examination, it was found that she had asymmetry and tremors of 
the tongue, hyperalgesia of the left side of the back corresponding to dorsal 
segments 7 to 10, marked tenderness over the middorsal region of the spinal 
column and a stocking type of hypoalgesia of the entire left leg Roentgenologi- 
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maybe given mtiatenousl) 01 subcutaneouhl) , dihydiotach) steiol, how- 
evei, may be used oially only r i'he dose of solution of paiuth} 1 oid vai its 
with the mtensitj of the sjmptoms Although usually a dose tickling 
10 to 20 paiath)ioid units scveial times a day is adequate, mueh laigei 
doses may be given with safety Dihydi otachvstei ol is given m doses of 
1 to 2 cc of a 0 5 pei eent solution in oil tin ee times a dn\ dui mg the 
penod of setae tetany 1 he dangei of overdosage with eithei of these 
products lies in the development and peisistence of Inpeicalccmia, with 
increase m the uiinaiy exaction of calcium and phosphoius 

The postopeiative tieatment of h\ pei parath) i oidism othei than the 
tieatment of tetanj is impoitant Large amounts of calcium arc icquiicd 
foi lenuneialization of the hones and the ])atients show a icmarkable 
avidity foi calcium This is well shown in a case in the senes lepoited 
by Bulgei Dixon and Ban n in which 350 Gin ot calcium and 180 Gm 
of phosphoius weie stoied o\ei a penod of appioximateh ten months 
Calcium thus stoied is piobablt used foi recalcification of the 
skeleton Consequent!} it is impoitant to gi\e the patients daily supple- 
mentary amounts ot calcium by mouth m addition to that which the} 
normally consume m then diets In this lespect, it is impoitant to 
lemembci to avoid an excessive intake of phosphate With such an 
intake calcium wall he used to pi capitate the excess phosphate as calcium 
phosphate into the laige how el 

In addition to the dailt 3 to 5 Gm of a calcium salt it is desuablc 
to give small amounts of Mtamin D The lattci inci eases the absorption 
of calcium fiom the intestinal tract and helps to diteit the calcium to the 
bones An excess of Mtamin D howc\er should be a\oided since paia- 
thtioid htpoplasia mac lesult 

REPOR1 01' CASES 
Cases of Pnmarv Hvpci paiathvioidiwi 

Case 1 — C Iv a w lute w oman 47 vears of age, w as admitted to the hospital 
for the first time in Nocembei 1932 At that time slit complained of pain in the 
lower pait of the hack, dysuna, diuinal and nocturnal umiaiv fiequenc\ fatigue 
and tveakness of ten days’ duration Ten yeais prioi to this she had similar 
complaints, which subsided after several days On investigation in the hospital, 
the only positive findings tvcie a palpable left kidney blood urea mtiogen 
amounting to 20 mg pei hundred cubic centimeters and blood piessure varying 
from 160 systolic and 90 diastolic to 170 systolic and 100 diastolic Unfortunately 
the blood calcium and phosphoius wxre not determined at that time 

The patient was then lost sight of until 1934, when she w'as leadmitted with 
acute bronchopneumonia When she lecovered from this her lenal status was 
again investigated Both kidneys were now palpable, and lenal loentgenogiams 
revealed bilateral dendritic calculi Theie w'as maiked lmpanment of renal 
function as measured bv the phenolsulfonphthalein and urine concentration tests 
The blood urea mtiogen amounted to 41 mg per hundred cubic centimeters, while 
the blood calcium varied from 114 to 12 5 mg and the blood phosphoius fiom 
3 2 to 3 7 mg pei hundi ed cubic centimetei s 
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noticed a tumoi of the left lower jaw Five yeais pnor to his admission to the 
hospital a calculus had been removed from the urinary bladder, and for the past 
two years he had had recuirent epulides 

On investigation m the hospital, it was found that he had a soft tumor of the 
left lower jaw The blood calcium was 140 mg, while the phosphorus was 
3 3 mg , per hundred cubic centimeters The phosphatase was 53 Kmg-Armstrong 
units The blood uiea nitrogen amounted to 29 mg per hundred cubic centi- 
meteis A study of calcium balance yielded the following result With a calcium 
intake of 100 mg daily over a three day penod, the patient excreted 902 mg of 
calcium in the mine Roentgen studies of the skeleton showed diffuse decalcifica- 
tion Cysts were present in the left and right radiuses and ulnas, in the ischia, 
the left fibula, the right tibia and the right humeius 

It was evident on the basis both of clinical and laboratoiy studies that this 
patient had hypei parathyroidism Consequently, on June 30, eight days after his 
admission to the hospital, he was operated on and four enlarged parathyroid glands 
weie found, two of which (the left superior and the right infeiior) weie excised 
Micioscopic study of the removed glands showed the piesence of a chief cell 
adenoma of one of them, with some hyperplasia of the oxyphilic and clear cells of 
the other 

Following the opeiation, the blood calcium fell pi ogi essively to 114 mg per 
hundred cubic centimeters, while the phosphorus remained essentially unchanged 
Another study of the calcium balance just prioi to his discharge from the hospital 
showed marked reduction m the excretion of calcium, so that with an intake of 
300 mg of calcium over a three day period he now excieted only 495 mg Studies 
of the urine during this period showed the specific gravity fixed at 1 012, with a 
trace of albumin, 2 to 4 led blood cells per high powei field and occasional casts 
The blood pressure was never elevated 

The patient was admitted to the hospital for the second time in October 1939, 
appi oximately fifteen months after the first admission He continued to complain 
of weakness, fatigue and pains, particularly of the knees and the elbows In 
addition, he had noticed a recurience of the tumor of the jaw which had been 
previously removed The blood calcium had again increased to 13 1 mg , while 
the blood phosphorus was 3 1 mg and the urea nitrogen was 13 mg per hundred 
cubic centimeters The blood phosphatase was still elevated to 48 King- Armstrong 
units The test for excretion of calcium showed only slight improvement over the 
previous result Over a thiee day period he excreted a total of 417 mg of calcium 
m the urine following a total intake of 300 mg of calcium Roentgenograms of 
the bony structure showed relatively little impiovement since his last admission to 
the hospital The renal function continued to show marked impaiiment The 
specific gravity was still fixed at 1 012, and the urea clearance was 43 per cent of 
normal, while the phenolsulfonphthalein test showed 15 pei cent excretion in four 
hours It was decided to operate again, and the remaining right parathyroid gland 
and over one-half of the remaining left parathyroid gland were removed 

On October 30, eight days after the operation, the blood calcium had fallen 
to 9 2 mg , while the blood phosphorus had increased to 4 5 mg per hundred cubic 
centimeteis Approximately two weeks after the operation, tingling and quivering 
of the extremities developed The deep reflexes were hyperactive He had marked 
bilateral ankle clonus and a Chvostek sign The blood calcium at this point was 
5 6 mg , the phosphorus 4 8 mg and the urea nitrogen 30 mg per hundred cubic 
centimeters, and the carbon dioxide-combining power was 50 5 volumes per cent 
It was evident that the patient had tetany He was treated with calcium gluconate 
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call}', theie was compiession of the thud, fourth, fifth and cle\cnth dorsal -verte- 
brae, the facial bones showed thickening: and irregular mottling due to partial 
absorption of calcium, the skull showed changes suggestive of Paget's disease and 
the right femur now' showed several c}sts Hie blood calcium varied between 
12 2 and 13 4 mg , and the phosphorus had decreased to 2 2 mg per hundred cubic 
centimeteis The blood phosphatase was 47 King-Armstrong units 

In Januaiy 1936, one and one-half years after the last admission, the patient 
was readmitted to the hospital, complaining of headache, vomiting and pain in 
the epigastiium radiating to the back, of one week's duration It was now found 
that her head had grown considerably huger and that considerable k} pliosis of 
the upper dorsal part of the spinal column had developed, with slight scoliosis 
The roentgen appeal ance of the skeleton was essentiall} as before, and roentgeno- 
logically it was impossible to dctciminc whether the evident changes were due to 
In perparathyi oidism or to Paget’s disease On Pel) 11, 1936, a biops} ot the 
greatei tiochantei of the light femur was icported to have shown changes typical 
of osteitis fibrosa cv'stica The blood calcium on this admission varied between 
11 8 and 13 5 mg and the phosphorus between 2 6 md 3 3 mg per hundred cubic 
centimeters The blood phosphate was 134 King- \nnstrong units A studv ot 
calcium balance was made for the fust time during this period and showed a 
stiongly negative calcium balance "With a total calcium intake over a three day 
penod of 300 mg, she excreted 1,050 mg of calcium in the urine during this 
same period 

It was now evident that the patient had liv perparathv roidism On Tcb 18, 
1936, she was operated on, but no abnormal paratlnroid glands were found 

In November 1938 she was reinvestigated She had lost over 30 pounds (13 5 
Kg ) in weight since the last admission Theie was a decrease in height of 
3‘A niches (8 9 cm) The left femur was bowed and thickened, as was the right 
ulna The skull had increased markedly in size The blood calcium was 12 0 mg 
and the phosphorus 2 9 mg per hunch cd cubic centimeters The blood phosphatase 
was 140 King-Armstrong units The icsult of a study of calcium balance was 
even more striking With an intake of 300 mg over a three day period, she 
excreted 1,300 mg of urmaiy calcium A second exploratory operation revealed 
a large adenoma of a parathyroid gland in the mediastinum This was successfully' 
l einoved 

The patient was seen m October 1939 and in April 1940 She felt quite well 
but had continued to decrease in height Roentgen studies of the long bones and 
of the skull showed increased density' m the previous areas of rarefaction but also 
gave considerable evidence suggestive of Paget’s disease The blood calcium 
amounted to 9 1 and 10 4 mg and the phosphorus 3 9 and 4 1 mg per hundred 
cubic centimeters The blood phosphatase had fallen to 80 King-Armstrong units 

Comment — This case is of particular interest because it involved differentiation 
between Paget’s disease and hyperparathyroidism Generally speaking, with the 
aid of laboratory and roentgen findings the two conditions can be clearly dis- 
tinguished In this patient both conditions were apparently' present, evidenced by 
the continued decrease in height and the increase m the size of the skull after a 
successful operation This case is of further interest because of the mediastinal 
location of the adenomatous parathyroid gland 

Case 3 — E P , a white man 42 years of age, was admitted to the hospital 
for the first time in June 1938 He complained of lassitude and fatigue and of 
anoiexia of five years’ duration For several months prior to admission he had 
experienced pains “all over the body,” and during the past two months he had 
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centimeters The blood phosphatase was 34 King-Armstrong units Tests of 
renal function gave essentially normal results, and the urea nitrogen amounted to 
13 0 mg per hundred cubic centimeters Roentgen studies of the bony structure 
showed little change in the cystic formation in the left ilium and equivocal slight 
decalcification of the long bones On April 30 she was operated on and a tumoi 
of the right inferior parathyroid gland was found The pathologic report revealed 
the tumor to be a chief cell adenoma Five days after operation, signs and 
symptoms of mild tetany developed The blood calcium at this time amounted to 
8 5 mg per hundred cubic centimetei s She responded promptly to solution of 
parathyroid and calcium, and after a few days this therapy could be discontinued 

From the time of the operation until August 1939, when she was lost sight of, 
she continued to complain of diffuse aches and pains The blood calcium now 
varied from 9 2 to 9 8 mg and the phosphorus from 5 0 to 5 4 mg per hundred 
cubic centimeters The blood phosphatase was 15 King-Aimstrong units Tests 
of renal function still gave normal results, and the blood urea nitrogen amounted 
to 14 mg per hundred cubic centimeters Intravenous pyelograms were fairly 
normal Roentgen studies of the skeletal system showed no essential change from 
the results of the previous investigation It must be emphasized, however, that 
at no time were the bony changes particularly striking 

Comment — This case is of interest because the predominant findings were 
recurrent renal calculi The bony changes were always minimal, although the 
patient apparently had hyperparathyroidism for at least six years before operation 

Case 5 — D F , a white woman aged 54, was admitted to the hospital in 
March 1939 She complained of generalized aches and pains of twenty-one years’ 
duration, decrease in height of 2 inches (5 cm ) during the past two yeai s, loss 
of 40 pounds (18 Kg) during this period, inability to walk because of severe 
pains m the legs of eight months’ duration, and polyuria and polydypsia for the 
past half yeai It is interesting that fifteen years before, on the basis of roentgen 
studies of the skull, she was suspected of having Paget’s disease Seven years 
before, she was found to have hypertension (190 systolic and 100 diastolic) Two 
years before, she was investigated m a hospital in California During this study 
the blood calcium was found to be 8 5 mg , the phosphorus 4 2 mg and the urea 
nitrogen 38 mg per hundred cubic centimeters Roentgenograms of the skeleton 
showed diffuse osteoporosis She suffered from moderate secondary anemia, the 
hemoglobin being 55 per cent and the red blood cell count 3,400,000 The urine 
showed albumin and casts It was felt that she had chronic diffuse glomerulai 
nephritis with secondary hyperfunction of the parathyroid glands 

On her admission to the hospital m March 1939, roentgen studies of the bones 
showed two large cysts in the fifth and sixth ribs on the left side, spontaneous frac- 
ture of the fifth rib, fibrocystic changes of the left ilium and osteoporosis of the 
dorsal part of the spinal column, the skull, the pelvis and the femur The blood 
calcium was found to be 13 5 and 13 2 mg and the phosphorus 3 6 and 3 8 mg 
per hundred cubic centimeters The urea nitrogen amounted to 38 mg per hundred 
cubic centimeters and the blood phosphatase to 76 King-Armstrong units The 
blood pressure was 130 systolic and 80 diastolic, and the test of urine concentra- 
tion showed inability to concentrate above 1 014 and fixation of the specific gravity 
between 1 010 and 1 014 The urine showed a small amount of albumin and an 
occasional cast 

Because of the elevation of the blood calcium in the presence of chronic renal 
disease, it was felt that this patient had primary hyperparathyroidism An explora- 
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intravenously and given a low phosphorus, high calcium diet and dihydiotacln- 
sterol Improvement was fanh prompt, although not striking in extent The 
blood calcium increased to 8 3 mg and the phosphoi us dropped to 3 6 mg per 
hundred cubic centimeters He was dischaiged fiom the hospital for ambulator} 
treatment Microscopic study of the excised parathyioid glands showed diffuse 
hyperplasia of all cell tvpes 

In Maich 1940, four and one-half months aftei the onset of the tetanic episode, 
the patient felt quite well He continued to take calcium lactate and Mostcrol 
The blood calcium was 10 2 mg and the phosphorus 3 6 mg per hundred cubic 
centimeters If the taking of calcium lactate was discontinued for an} length of 
time, he experienced tingling of the lips and hands Roentgen studies of the long 
bones showed considerable recalcification llic weakness and lassitude of which he 
complained had improved maikedly 

Comment — There aie se\eral intei cstmg features about this case The patient 
piesented a fairly classic picture of primar} Inpeiparatlnroidism lie had no 
previous histor} of nephritis, although at the time of investigation m the hospital 
there was evidence of marked lmpaiiment of renal function This ma\ be 
explained, how ever, on the basis of pre\ ious i cnal c ilculous disease, since a stone 
had been lemoved from the urman bladder five }ears previouslv On operation 
however, he had an adenoma of one parathvioid gland and li}pcrplasia of the 
remaining parathyioid glands, the former almost alvvavs seen m primar} livpcr- 
parathyroidism It is entirely possible that the lnpcrplasia of the paratlnroid 
glands was secondan to the long-standing renal disease, while the latter was 
mitialh induced b} the adenoma of the paiatlnroid gland (priman hv perparatln - 
loidism) with foimation of renal calculi 

Aftei removal of the excessive jiaratlmoid tissue, there occurred a considerable 
degree of improvement in the bony stiuctuie, although renal function continued 
to be seriously lmpaucd This is not cntirel} unexpected, since one would assume 
that the renal damage induced b} the stones would be of an irreversible character 
The tetanv which developed was due to the excessive removal of paratlnroid tissue 

Case 4 — R T, a white woman 36 }ears of age, was admitted to the hospital 
for the fiist time in Septcmbei 1936 She complained of attacks of pain m the 
right flank, radiating to the lower right abdominal quadrant and to the light thigh 
The first such attack occuried four years prior to admission, and recunent 
attacks appeared at approximated }earl} intervals She had no complaints 
referable to the bony structure at this time Investigation in the hospital revealed 
the presence of bilateral renal calculi, and roentgen studies of the skeletal structuie 
demonstrated the piesence of some cystic changes m the left ilium The skull 
and the long bones, however, were roentgenologically normal The blood calcium 
varied from 118 to 13 0 mg and the phosphorus from 3 5 to 4 0 mg per hundred 
cubic centimeters The total protein was 7 5 Gm pei hundred cubic centimeters, 
and the blood phosphatase was 8 King-Armstrong units Three day study of the 
calcium balance performed on two separate occasions showed the total urinai v 
calcium excreted to be 1,070 and 1,332 mg, respectively, with a total calcium 
intake of 300 mg Studies of renal function gave essentially negative results The 
patient was discharged from the hospital for further observation in the outpatient 
department 

She was readmitted to the hospital in April 1937 She then complained of 
generalized aches and pains, particularly over the left scapula The blood calcium 
was 116 mg and the phosphorus varied from 3 4 to 4 0 mg per hundred cubic 
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bones, in winch the blood phosphatase is frequently elevated 30 This is by no 
means a hard and fast rule, however Rowntree 31 l eported instances of multiple 
myeloma with increased values for blood phosphatase 

Case 7 — K S , a white woman aged 39, was admitted to the hospital in 
April 1941, complaining of seveie pains acioss the lower pait of the back and 
shooting pains over the lateral and antenoi aspects of the right thigh These 
pains had been present for appioximately one month Roentgen studies levealed 
the presence of a compression fracture of the fourth lumbai vertebra with marked 
decalcification of this vertebra In addition, theie was marked decalcification of 
the entire dosal part of the spinal column and of the right innominate bone 
There was an ovoid aiea of deci eased density of the right iliac crest, and theie 
was a fracture of the sixth rib The blood calcium vaiied from 13 2 to 17 8 mg 
and the phosphorus from 3 7 to S3 mg per hundred cubic centimeters It is 
interesting that of eight determinations of blood calcium only one showed 13 2 mg 
per hundred cubic centimeters , the remaining seven determinations showed amounts 
that varied from 15 4 to 17 8 mg The blood phosphatase, which on admission 
was 9 King- Armstrong units, rapidly increased to 60 King-Aimstiong units within 
six weeks The blood uiea nitrogen vaiied from 18 to 53 mg per hundred cubic 
centimeters, while the caibon dioxide and total proteins weie quite normal Tests 
of renal function gave essentially normal results, and theie was no Bence Jones 
protein in the urine Biopsy of sternal manow revealed the marrow to be 
normal A study of the calcium balance showed the total excretion of calcium 
over a three day period to be 1,500 mg, with an intake ovei this same period of 
300 mg 

It was evident that this patient had hypei parathyroidism, and since at this time 
no extraneous cause could be found, her neck was explored and four peifectly 
normal parathyioid glands were visualized Seveial weeks latei she had a 
definitely palpable, although very small mass in the left breast, and at this time the 
left axillary lymph nodes weie evident Biopsy of these nodes levealed carcinoma 
secondary to the carcinoma of the breast 

Comment — This patient, theiefoie, had secondaiy hyperparathyioidism, secon- 
daiy to carcinoma of the breast with extensive metastasis to the bones It should 
again be noted, as with the previous patient, that there were definite roentgenologic, 
chemical and metabolic changes of hyperparathyroidism in the absence of any 
gross changes in the parathyioid glands It is interesting to observe the elevation 
of the blood phosphatase in this instance in conti ast with the previous case It is 
important to emphasize that the extensive bony changes present in these 2 cases 
were not due solely to the cancel ous invasion of the bones but lesulted in part 
from the hyperfunction of the paiathyroid glands 

Cases of Hypei pai atliyi oidism Secondaiy to Chiomc Renal Disease 

Case 8 — L U, a white woman aged 18, was admitted to the hospital for the 
fiist time in 1941 She had apparently been well up to six weeks before admission 
At that time she noted swelling of the eyelids in the morning, some nocturia and 
no polyuria or hematuna In addition, she noticed the appearance of many hard 
lumps under the skin of the legs These lumps weie painful on slight pressuie 
Foi three weeks prior to admission she had noticed night sweats and a low grade 
fever The only significant point in her past history was an attack of scarlet 
fever at the age of 3 yeais 

31 Rowntree, L G Progress Relatne to Diseases of the Ductless Glands, 
Pennsylvania M J 36 646, 1933 
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tory operation was theiefore made, and an adenoma of the left low ci paratlnroid 
gland was excised The remaining parathyoid glands appeared to be fan ly normal 
in size 

Two dajs after operation the blood calcium fell to 8 4 mg and two dies later 
to 7 3 mg per hundred cubic centimeters The blood phosphorus remained at 
3 3 mg per hundred cubic centimctcis Directlv aftci the operation oliguria 
developed The urea nitrogen rose to 69 mg per hundred cubic centimeters, and 
the carbon dioxide content fell to 29 volumes pei cent She was treated with 
solution of parathyroid, calcium, transfusions and alkalis On the eighth post- 
operative day she contacted pneumonia, and on the tenth postoperative da) she died 

Comment — This case is of interest because it once tgam demonstrates the 
chromcity of the disease In all probability the changes of the skull diagnosed 
roentgenologically as Paget s disease fifteen veais befoie were the carle changes 
of hyperparath) roidism This patient picsented evidence of marked lcnal failure 
Because of this, the diagnosis of lcnal rickets was entertained However, the 
consideiable elevation of the blood calcium and the normal level ot the blood 
phosphorus pointed sharplv to primal v hvpeipaiathvioidism 

Cases oj Ilypci paiathyiotdism Sccondarv to Multiple Myeloma and 
Cai anomalous Metastasis to tin. Bonci 

Casl 6 — C B, a white woman of 6S vears, was admitted to another hospital 
for the first time in December 1939 At that time she complained of pain and 
weakness of the left arm of sevcial months’ duration Roentgenograms of the 
skeletal structure show ed a c) st of the left humerus and considerable decalcification 
of the long bones The blood calcium amounted to 14 2 mg and the phosphorus 
to 2 4 mg per hundred cubic ccntimeteis The blood and urine were otherwise 
found to be completcl) normal She had a small, firm, rounded mass in the right 
lobe of the thyioid gland It was felt that she had h)pcrparathyroidism and that 
an exploratoiy examination should be made At operation all foui paiathvroid 
glands vveie visualized and found to be entirel) normal m size The right lobe 
of the thyroid gland was removed, and the small palpable mass was found to be 
an adenoma Ihe parathvroid glands removed with the thvioid tissue vveie 
studied histologically and found to be noimal 

The patient was fan ly well after operation for a penod of several months, 
then she began to complain of pains m the back, the chest and the long bones 
She now had marked anorexia, weakness, dyspnea and cough She was admitted 
to the Mount Sinai Hospital in April 1941 Roentgen studies at this time showed 
innumerable areas of destruction in the cranial and facial bones and the long 
bones There was extensive osteoporosis of the dorsal and lumbar vertebiae, 
with collapse of seveial doisal vertebiae The blood calcium was now 12 0 mg 
and the phosphorus 3 7 mg per hundred cubic centimeters The phosphatase 
amounted to 6 King-Armstrong units The urine showed Bence Jones protein 
and a sternal puncture showed innumerable plasma cells 

The diagnosis of multiple myeloma was now definite, and it was evident that 
the original early changes in the bones, the elevation of the blood calcium and the 
depression of the phosphorus vveie due to hyperparathyroidism secondary to this 
malignant disease It is interesting to note that these changes vveie not associated 
with any evident changes either in the size or m the histologic appearance of the 
parathyroid glands The blood phosphatase was normal, as it usually is m cases 
of multiple myeloma in contrast with cases of carcinomatous metastasis to the 
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stationary for nine yeais, then the pain in her back became more intense, and she 
noticed the onset of pains in other parts of her body, particularly in the knees 
About five months prior to admission to the hospital she began to lose weight, 
suffered from anorexia and asthenia, and noticed increasing thirst and polyuria 
Four months prior to her admission to the Mount Sinai Hospital she had been 
admitted to another hospital, where roentgen studies revealed a granular appear- 
ance of the skull, destructive changes in the acromion processes and a laige cyst 
m the middle third of the left clavicle The blood calcium amounted to 10 0 mg , 
urea nitrogen to 148 mg and creatinine to 10 8 mg per hundred cubic centimeteis 
No lenal calculi were observed The blood phosphatase was 23 4 Bodansky units 
Biopsy of the cystic area in the left clavicle showed some scattered and some 
clumped multinuclear giant cells m a substratum of swollen connective tissue 
cells In some places collagenization of what appeared to be miliary areas of 
hemorrhage were seen At the periphery in some of the sections, small amounts 
of newly formed bone interspersed with connective tissue were observed The 
pathologic diagnosis was “brown tumoi” m a case of hyperparathyroidism 

Several weeks later the patient was admitted to the Mount Sinai Hospital waids 
Roentgen examination of the skull showed a considerable increase in thickness of 
the cranium with obliteration of the diploe Theie was coarse mottling thioughout 
the calvarium Theie was marked diffuse osteopoiosis of the shouldei bones, and 
a large defect in the left clavicle was noted, as well as evidence of new bone 
formation around the periphery of this defect Theie was diffuse osteopoiosis of 
the long bones There were mottling and thickening of the right pubis and 
ischium The blood calcium varied from 111 to 12 4 mg and the phosphoius 
fiom 81 to 6 3 mg pei hundred cubic centimeters The urea mtiogen varied 
fiom 68 to 98 mg per hundred cubic centimeteis The creatinine was 10 0 mg 
pei hundred cubic centimeteis The total piotem, the total chloride and the 
cholesteiol values wexe essentially noimal The phosphatase was 37 King- 
Armstrong units 

The patient was operated on, and four hyperplastic parathyioid glands were 
visualized, of which 2 were removed Seveial weeks later the patient died in 
uiemia Permission for postmortem examination was not obtained 

Comment — Cases 8 and 9 are typical instances of cluomc renal disease with 
secondaiy hyperpaiathyioidism The signs and symptoms of progiessive lenal 
failure antedated the onset of the bony changes and the results of chemical 
studies of the blood were typical of seveie renal insufficiency In both instances 
all four parathyi oid glands were maikedly hyperplastic 

SUMMARY 

Nine cases of hypeipaiathyioidism aie lepoited In 5 of these cases 
the condition was pumaiy, due. to adenoma of a paiathyioid gland, and 
in 4 it was secondaiy, due to chionic lenal disease, multiple myeloma 
and caicmomatous metastasis to the bones The pathologic ph)Siolog>, 
the clinical consideiations and the tieatment aie discussed 
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On examination her eyelids wcic found to be puffy The ocular fundi were 
normal The heart was not enlarged, and the blood pressuic was 110 systolic 
and 50 diastolic The radial aitcncs were thickened, and there was marked 
tortuosity of the left superficial tempoial arterj There were many small, rounded, 
hard, tender subcutaneous plaques on both calves and around the ankles On the 
skin of the axillas, the uppei parts of the thighs and the buttocks there were 
innumeiable pinhead-si7ed, firm, pinkish white papules '1 here was a considerable 
degree of anemia, the hemoglobin being 43 per cent and the red blood cell count 
2,140,000 The blood urea mtiogen amounted to 120 mg per hundred cubic centi- 
meters, the blood calcium to 10 4 mg and the phosphorus, determined on two 
occasions, to 8 and 10 5 mg The total proteins amounted to 5 8 Gm per hundred 
cubic centimeters, of which the albumin component was 3 2 and the globulin 
3 6 mg The carbon dioxide content was 35 volumes per cent, the chloudcs 
amounted to 560 mg, the cholesterol to 180 mg and the creatinine to 8 7 mg per 
bundled cubic centimeters The blood phosphatase was 21 Kmg-Ai mstrong units 
The urme showed fixation of specific gra\it\ at 1012 and contained small amounts 
of albumin and some white blood cells, red blood cells and an occasional In alme 
cast 

The roentgenograms were particular!} interesting The skull showed general- 
i?ed mottling The arms, legs and abdomen showed numcious calcific deposits 
distributed cxtensnel} throughout the soft tissues There were extensne calcifi- 
cations of the -vessels of the extremities and of the pelvis as well as of the splenic 
artery All of the bones of the extremities showed diffuse osteoporosis The ribs 
revealed similar osteoporotic changes as well as numerous small areas of ratcfac- 
tion The lumbar vertebrae also revealed a generalised osteoporotic process 
Biopsy of one of the subcutaneous nodules revealed it to be calcium 

It was felt that this patient had chronic diffuse glomerular nephritis with 
secondary h} perparathyroidism Following several transfusions, her general con- 
dition was improved, and she was dischaigcd from the hospital one month aftci 
admission 

The patient was readmitted in October 1941, approximated two months after 
discharge Her clinical condition had become decidedly worse Main of the 
calcific nodules had ulcerated through the skin, producing painful sloughing areas 
The blood urea nitrogen was 78 mg, the calcium 10 0 mg and the phosphorus 
9 7 mg per hundred cubic centimctcis The caibon dioxide content was 31 volumes 
per cent 

It was obvious on admission that the patient was near death, and on the third 
day m the hospital she died 

On postmortem examination the four parathyroid glands were found to be 
unusually large and hyperplastic, the largest gland measuring 30 by 20 b> 18 nun 
There was extensive deposition of calcium tlnoughout the soft tissues of the bodv 
but partciularly in the lungs and in the walls of the stomach The kidneys showed 
the characteristic changes of chronic diffuse glomerular nephiitis with marked 
contraction 

Case 9 — K K, a white woman aged 49, was admitted to the hospital in 
December 1941 because of marked weakness, anorexia, loss of 19 pounds (8 6 Kg), 
polydypsia and polyuria of five months’ duration Tluiteen yeais before admission 
she began to have pains across the back at the level of the upper lumbar vertebrae 
This pain persisted for two years before the condition was adequately investigated 
It was then discovered that she had chronic diffuse glomerular nephritis and that 
the blood pressure was 186 systolic and 110 diastolic Her symptoms vveie fairly 
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laigely dependent on the collection of air m the mediastinum The onset is abrupt 
without any piecedmg illness 01 mjuiy The hist symptom is pam of a seveie type 
either in the side of the chest 01 substeinally When it begins m the side of the chest, 
it usually migrates to the substeinal legion 01 appears there after a pam-free intei val 
It may ladiate to the neck 01 down the left aim and thus closely mimic the pam of 
coionary occlusion The pain occasionally shows a slow steady inclement m 
intensity, it is frequently maikedly influenced by posture and often is accompanied 
by substeinal tightness and a noise audible to the patient A transient low giade 
fevei has larely been noted 

On examination of the patients, the pathognomonic sign described by Hamman 
is found This is a pecuhai crackling, crunching sound heard ovei the sternum 
and piecoidium which is synchionous with the heait beat It may be heaid with the 
patient m any iDosition but frequently can be heaid only with the patient m one 
position, such as lying on the left side The area of impaiied resonance to pei- 
cussion noimally piesent over the heait is in some instances leplaced by hypei- 
resonance Theie may 01 may not be signs of pneumothoi ax, and a small amount 
of subcutaneous emphysema m the tissues of the neck or thoiax is sometimes present 
In a few instances rales have been descubed in isolated aieas ovei the lung fields 
The possibility of ail traversing the aortic and esophageal openings m the diaphiagm 
and appearing retropei itoneally has been mentioned but has not been described in 
any of the cases of spontaneous emphysema, although it is known to occui fie- 
quently in cases of emphysema due to thoracic trauma Roentgenograms of the 
chest may or ma}' not demonstiate the mediastinal air A pneumothorax is 
occasionally shown In 1 of the cases reported by Hamman theie was minimal 
apical pulmonary tuberculosis, and in another case there was some increase in 
density at the base of the right lung which was intei pi eted as evidence of bion- 
chiectasis There have been no other loentgen signs of abnoimahty reported 

In all instances the piocess has been benign, complete recovery without sequelae 
occui ring in seveial days In a numbei of cases, however, there have been recur- 
rences Mediastinal compression sufficient to impede the cn dilation, which occurs 
not mfiequently following tiauma or in cases in which there is bronchial blockage 
due to foreign body, has not been piesent m these cases of spontaneous emphysema, 
although the possibility lemams No tieatment has been required 

Consideiable light has been thiown on the development of this condition thiough 
the expei nnents of Macklin , 13 laigely with cats By means of a uieteral catheter 
introduced into a bionchus, he has blown air into an isolated part of the lung, pro- 
ducing overdistention of the alveoli in this area The alveolar ectasia thus pio- 
duced actually causes the bases of the alveoli to pull away from the underlying 
blood vessels and gives rise to a piessure gradient from alveolus to vascular sheath 
favorable to the passage of an into the vascular sheath The air then passes along 
the sheaths of the blood vessels to the mediastinum Air may also dissect along 
stnps of connective tissue and give rise to blebs on the pleuial surface In man 
it is probable that rupture of these blebs gives rise to the pneumothoi ax which often 
accompanies interstitial emphysema of the lungs Kirshner 7 expressed the opinion 
that this is probably the most fiequent mode of development of benign spontaneous 
pneumothoi ax In his expei imental animals Macklin has found that air escapes 

13 Macklin, C C Pneumothorax: with Massive Collapse from Experimental Local 
Overmflation of the Lung Substance, Canad M A J 36 414-420 (April) 1937, Transport 
of Air Along Sheaths of Pulmonic Blood Vessels from Alveoli to Mediastinum Clinical 
Implications, Arch Int Med 64 913-926 (Nov ) 1939 



SPONTANEOUS INTERSTITIAL EMPHYSEMA OF THE LUNG 

WITH MEDIASTINAL, RETROPERITONEAL AND SUBCUTANEOUS EMMA SEWA 


JOHN D ADCOCK, M D 

ANN ARBOR MICH 

The occuuence of mteistitial emplnsema of the lung with an within the medias- 
tinum as a lesult of thoiacic tiauma has been lecogm/ed foi a long time It has, 
of course, been described by many obseivers following medical and surgical maneu- 
veis involving the lungs and pleura and associated with foieign bodies in the 
bionchial tiee The occuucncc of mediastinal an and subcutaneous air has also 
been descnbed as a complication of many pulmonary diseases, including tuberculosis, 
influenza, bionchopneumoma of vanous types and asthma It has been known to 
occur when the mti abranchial piessures were elevated by the use of positive pres- 
suie anesthesia and during the eflfoits of laboi Hamman, 1 howeter, was the first 
to lepoit the condition m healthy persons without antecedent trauma 01 disease It 
was m 1934 m a papei discussing the diagnosis of coronaiy occlusion, that Ham- 
mail piesented 2 cases of spontaneous mediastinal emphysema which simulated 
coionaiy occlusion He added 4 cases in a papei in 1937 - and brought the total to 
7 with a thoiough discussion of the subject in 1939'’ Since tbe lecogmtion of the 
condition and the description of its clinical features b\ Hamman, other cases hate 
been lepoited by Scott, 4 Moiey and Sosman, 5 McGuire and Bean, 0 Ivirshner, 7 
Wolff, 8 Caldwell, 0 Matthews 10 and Pinckney 11 Spontaneous mediastinal emphy- 
sema is apparently not uncommon in newborn infants, and the hteiatuie has lecently 
been brought up to date by Gumbiner and Cutlei 12 

The clinical picttues encountcied in all the cases of spontaneous interstitial 
emphysema of the lung thus far leported have been similar, and the condition is 

From the Medical Service “A” of the Perms} Kama Hospital and the Unncisitv of Pennsyl- 
vania School of Medicine 

1 Hamman, L Remarks on the Diagnosis of Coronary Occlusion, Ann Int Med 8 
417-431 (Oct) 1934 

2 Hamman, L Spontaneous Intel stitial Emphysema of the Lungs, Tr A Am Ph\ sicians 
52 311-319, 1937 

3 Hamman, L Spontaneous Mediastinal Emphysema (Henry Sew all Lecture), Bull 
Johns Hopkins Hosp 64 1-21 (Jan ) 1939 

4 Scott, A M The Significance of the Anginal Syndrome in Acute Spontaneous 
Pneumomediastinum, Lancet 1 1327-1330 (June 5) 1937 

5 Morey, J B , and Sosman, M C Spontaneous Mediastinal Emphysema, with Report 
of a Case Associated with Spontaneous Pneumothorax, Radiology 32 19-22 (Jan ) 1939 

6 McGuire, J , and Bean, W B Spontaneous Interstitial Emphysema of the Lungs, 
Am J M Sc 197 502-509 (April) 1939 

7 Kirshner, J J Spontaneous Pneumothorax Aetological Considerations, Am Rev 
Tuberc 40 477-481 (Oct ) 1939 

8 Wolff, B P Spontaneous Interstitial Emphysema of the Lungs Report of an 
Additional Case, Ann Int Med 13 1250-1252 (Jan ) 1940 

9 Caldwell, H AV Spontaneous Mediastinal Emphysema, JAMA 116 301-302 
(Jan 25) 1941 

10 Matthews, E Spontaneous Mediastinal Emphysema, New Orleans M & S J 93 523- 
524 (April) 1941 

11 Pinckney, M M Mediastinal Emphysema and Idiopathic Spontaneous Pneumothorax, 

Virginia M Monthly 68 315-319 (June) 1941 • 

12 Gumbiner, B , and Cutler, M M Spontaneous Pneumomediastinum in the Newborn, 
JAMA 117 2050-2053 (Dec 13) 1941 
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REPORT OF A CASE 

N M , a white man aged 52, was admitted to the Pennsylvania Hospital on Sept 1, 1941 
He had been first seen m the neurologic clinic in January 1930, complaining of loss of 
strength and feeling m his left hand He stated that he had had a penile lesion at the age 
of 22 and that he had received a few “shots for his blood” in 1926 Fixed pupils, absence 
of knee jerks and a definite ulnar palsy were noted, and a diagnosis of syphilis was made 
The Wassermann reaction of the blood and of the spinal fluid was 4 plus, and the colloidal 
gold curve was of a dementia paralytica type He received intermittent antisyphilitic therapy 
from that time until he was admitted to the hospital, on Sept 1, 1941, specifically for 
fever therapy The serologic reactions of his blood and spinal fluid had remained con- 
sistently positive His only complaint on admission was a slight headache 

On examination he appeared well developed but somewhat poorly nourished He was oriented, 
cooperative and presented none of the mental changes associated with dementia paralytica 



Fig 2 — A roentgenogram taken during expiration on September 22 to rule out the existence 
of pneumothorax The density at the base of the left lung can be seen to better advantage 
than in figure 1 


The temperature, pulse and respirations weie normal, and the blood pressure was 110 systolic 
and 70 diastolic The pupils were small and slightly irregular and failed to react to light 
There were dental caries, and moderate pyorrhea, and the pharynx was slightly reddened 
No abnormalities were noted in examination of the heart, lungs or abdomen The knee jerks 
were absent, sensation was grossly normal There were no abnormalities of sphincteric con- 
trol The urine was normal The blood count showed 3,400,000 red blood cells and 7,500 
white blood cells, with a normal diffeiential count, there was 12 Gm of hemoglobin per 
hundred cubic centimeters The phenolsulfonphthalein excretion and the electrocardiogram 
were normal 

On September 10 fever treatments u r ere started, each one consisting of approximately fi\e 
hours’ elevation of temperature to 105 6 F in the Liebel-Flarsheim air-conditioned hyper- 
therm On the evening of September 19, after the fifth period of fe\er therapy, the patient 
noted a chilly sensation of short duration, and his temperature rose to 100 6 F At the same 
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mto the pleuial space thiough rents m the mediastinal plan a, and this may also he 
the course m man Air does not enter the mediastinal structures from a pneumo- 
thorax space, however, even in the face of high intrapleuial pressures 

In experimental animals it is the insufflation of an which distends the aheoh and 
gives rise to the leakage of an Macklin points out that atelectasis of an area of 
lung may likewise lead to ovei distention of smioundmg alveoli, with the same 
resultant piessuie gradient fiom aheolus to vascular sheath and consequent peri- 
vascular emphysema In support of this Fishei and Macklin 11 reported a caieful 
pathologic study of a child with foreign body atelectasis of the light lung and con- 
sequent distention of the left lung The\ weie able to demonstiate the aheolar 
ectasia in the left lung with the air in the tascular sheaths leading to mediastinal 
emphysema Because it seems unlikeh that peifectly noimal aheoh in their normal 



Fig 1 — Posteroanterior roentgenogram of the chest taken Sept 22, 1941 llic at rows 
within the inset show the air distending the mediastinal plan a At the base of the left lung 
the small dense area and the emphysema with paucity of lung markings abo\e it can be seen 
There is a calcified primary lesion of tubciculosis m this area 

anatomic relationships w ould allow the leakage of air Macklin 1 ' has emphasized 
the need for a caieful loentgen search foi small atelectatic aieas in peisons writh so- 
called spontaneous intei stitial emphysema of the lung The following case of intei - 
stitial emphysema of the lung has seveial intei estmg featuies 

14 Fisher, J H , and Macklin, C C Pulmonic Interstitial and Mediastinal Emphysema 
Report of a Fatal Case in Which the Emphysema Occurred in a Child as a Result of the 
Aspiration of Peanut Fragments, Am J Dis Child 60 102-115 (July) 1940 

15 Macklin, C C Spontaneous Mediastinal Emphysema A Review and Comment, 
M Rec 150 5-7 (July 5) 1939 
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time he complained of sciotal swelling This was not examined carefully and was intei pi eted 
first as angioneurotic edema The following morning the temperature was noimal, but wide- 
spread subcutaneous emphysema w^as present 

The patient first came under my observation on Septembei 21, at which time his tempei ature, 
pulse, respirations and blood piessure w^ere noimal He stated that he had had no pain at any 
time On examination there was subcutaneous emphysema on both sides of the neck, on the 
left side of the thorax anteriorly, on the entae abdomen and in the legion of the sacrum 
The sciotum and penis w'ere distended with an, and subcutaneous air extended down the left 
leg to the knee Air could be felt in the tissues aiound the rectum by digital examination 
The area of normal cardiac dulness w r as intact, but on auscultation over the sternum the 
ciackling, crunching noises described by Hamman w'eie clearly heard They w'ere synchronous 
with the heartbeat and could be heard throughout the cardiac cycle The}'- weie independent 
of respiration and could be heard best with the patient in the recumbent position, although they 
weie audible with him in any position Ihcie w f as definite hyperresonance ovei the lowei 



Pig 5 — A roentgenogram of the abdomen taken September 29, showing the small amount 
of residual air in the retroperitoneal spaces 

part of the left side of the chest posteriorly, and over this same area there w'ere inspiratory 
ciackling sounds which bore a striking resemblance to those sounds just described as occurring 
over the piecordium There wxis no subcutaneous emphysema over this area to confuse the 
findings A roentgenogram taken the following morning (fig 1) showed evidence of mediastinal 
air There was a small density at the base of the left lung which w'as interpreted as an 
area of atelectasis Just above this there was an area of greater penetration wduch suggested 
an area of lung containing a larger than normal amount of air A small amount of sub- 
cutaneous emphysema could be seen in the neck A roentgenogram w'as obtained during expira- 
tion (fig 2) to make certain that a small pneumothorax was not overlooked, and none could be 
demonstrated A roentgenogram of the abdomen showed a striking amount of retroperitioneal 
emphysema (fig 3) 

The signs rapidly disappeared, and by September 29, eight days later, nothing abnormal 
could be detected on examination of the patient Another roentgenogram of the chest on 
that date (fig 4) showed a leturn to normal with complete disappearance of the small area 
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Fig 3 — A roentgenogram of the abdomen taken September 23, showing the marked 
retroperitoneal emphjsema outlining the kidnexs 



Fig 4 — A posteroanterioi loentgenogiam of the chest taken September 29, showing the 
return to normal The small density at the base of the left lung is now gone 



ADCOCK— INTERSTITIAL EMPHYSEMA OF LUNG 


65 7 


“pei ical dial knock” which has been descubed thoroughly by Listei 17 and that one 
heais at times during the course of therapeutic pneumothorax Four cases have 
been obseived dunng the last few years in which pericardial knock appeared for a 
time shoitly aftei induction of theiapeutic pneumothorax on the left side In these 
cases the sound was a veiy loud, single, slapping sound, which was frequently 
palpable Its intensity was greatest near the apex of the heait, and it was systolic 
The sound was usually heard only with the patient lying on the left side and dunng 
one phase of the lespnatory cycle While the mechanism of pioduction of this 
sound is not completely undei stood, it is felt that it was due to the pneumothoiax 
and not to an within the mediastinum A gieat deal of care must be exercised m 
diffeientiatmg pericardial knock from those sounds occurring as a result of air 
within the mediastinum It is ceitamfy true, however, that interstitial emphysema 
of the lung may lead to both mediastinal air and spontaneous pneumothoi ax in some 
cases 

No connection could be demonstiated between eithei the syphilis or the fevei 
therapy used as treatment and the development of the emphysema in this case 

SUMMARY AND CONCLUSIONS 

The hteiature legal dmg the clinical picture and pathogenesis of spontaneous 
intei stitial emphysema of the lung has been reviewed 

Spontaneous interstitial emphysema of the lung with extension of air into the 
mediastinum commonly gives use to subcutaneous emphysema in the neck The 
air may also escape the mediastinum to the letroperitoneal spaces and pioduce sub- 
cutaneous emphysema in the low^ei pai t of the body This may explain the presence 
of subcutaneous an m many otherwise puzzling situations 

A case of spontaneous interstitial emphysema of the lung with extension of an 
into the retropei itoneal and subcutaneous tissues is leported The absence of pain 
m this case may have been due to the ease of escape of the an fiom the mediastinum, 
which prevented the development of high mediastinal pressuies 

A small aiea of tiansient atelectasis was appaiently responsible for the develop- 
ment of the interstitial emphysema of the lung m this instance It w as possible to 
locate clinically the site of escape of air from the alveoli into the pemasculai and 
interstitial tissues of the lung 

It is felt that the auscultatoiy signs produced by air within the mediastinum 
differ m type and mode of production from the so-called “peiicardial knock” sounds 
occasionally occurnng in left-sided pneumothorax whether spontaneous or induced 

University Hospital 

17 Lister W A Pericardial Knock Associated with Spontaneous Pneumothorax, Lancet 
2 1225 "(Dec 26) 1928 
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of density at the base of the left lung and the area of emphysema above it A roentgenogram 
of the abdomen (fig 5) showed almost complete absorption of the retroperitoneal air At 
this time the patient’s vital capacity was 3,500 cc Blowing against resistance failed to 
reproduce the abnormality The fever treatments were remstituted on October 1 and were 
continued to a total of twelve without any untoward reactions 

COMMENT 

Theie ate several points of mteiest illustrated by this case In most of 
the cases thus fat repotted, pam has been a prominent featuie and has focused the 
attention of the clinician on the mediastinum with the subsequent recognition of the 
pathologic process The fact that large amounts of air can escape front the lungs 
and appeal in the letiopentoneal and subcutaneous tissues without causing any 
pam may help to explain the origin of abeirant an in mail) pu/zlmg situations 
Two cases have lecently been obsened, one of teimmal uienna and another of a 
pelvic abscess, m which there w>as unexplained subcutaneous entphjsema of the 
abdominal w f all In neither case was theie definite clinical evidence of an in the 
mediastinum, although it is highly probable that the subcutaneous an came fiont 
this souice The typical signs of mediastinal emphysema might conceit ably be 
lacking if the air escaped icadily from the postenoi mediastinum and did not 
accumulate antenoily 

The increase in mediastinal piessuie is piobably the facloi which detei mines the 
production and severity of pam It is therefoie safe to assume that the ease woth 
which air escapes the mediastinum is an impoitant factoi also In this case there 
was appaiently a safety \ alve from the mediastinum by way of the aoi tic and 
esophageal openings in the diaplnagm In this connection, it is intei estmg to lecall 
the expei lences of Toney and Grosh 10 m an Aim) camp during the influenza 
epidemic of 1918 They found that m the cases m then locality theie was con- 
siderable pulmonaiy and mediastinal emphysema among the afflicted peisons The 
patients had enlaiged, hypei l esonant chests wuth engagement of the -veins in the 
neck and suffeied consideiable pam Those patients in wdiose necks laige amounts 
of subcutaneous emphysema appeared showed striking and immediate impiovement 
due to the release of mediastinal piessure 

It is also of mteiest that the site of alveolai leakage could be lateiahzed clinically 
The hyperiesonance and the peculiar ci ackhng, ciunching rales found at the base 
of the left lung and lesemblmg those sounds heard ovei the mediastinum, weie 
considered sufficient to detei mine this The suggestne changes in the loentgeno- 
grams w^eie consideied to be confiimatoiy 

The finding of a small area of atelectasis in the roentgenogram is mtiiguing m 
the light of Macklin’s suggestion that atelectasis leads to distention of sunoundmg 
alveoli with subsequent leaking of an into the vasculai sheaths Theie is an altei- 
nate hypothesis to explain this density, that is, that the sui rounding emphysema 
could have compressed this small area lepiesented by mci eased density in the 
roentgenogram It seems most likely, howevei, that this density does lepiesent an 
aiea of atelectasis 

The sounds heaid ovei the mediastinum m this case w^eie due entuely to an 
within the mediastinum They were audible during systole and diastole and 
throughout the respuatoiy cycle They w^ere somewhat louder when the bieath was 
held m the expiratory phase These sounds differed entirely fiom the so-called 

16 Torrey, R C, and Grosh, L C Acute Pulmonary Emphysema Observed During 
the Epidemic of Influenzal Pneumonia at Camp Hancock, Georgia, Am J M Sc 157 170 
(Feb) 1919 
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The piesent communication concerns a family which has been affected with the 
Spui v\ay syndrome through at least four generations, in which there has been no 
consanguinity The family is of Scotch-Enghsh lineage A genealogic tiee has 
been outlined (fig 1) accounting for 52 membeis The data used to constiuct the 
genealogic tiee weie supplied by patients 7, 10 and 11 , by patient 4, an uncle of 
patient 7 , and by a cousin of patient 7, a physician (an unaffected membei of the 
famil} ) G M , patient 7, knew all members of the family except patient 1 , 
mfoi mation about the latter was supplied by patient 4 The family is w r ell aware 
of their abnoi mality Twelve members of the family possess one oi all of the 
featuies of the disease One has only blue scleras Seven have both blue scleras 
and buttle bones Four have all thiee defects Eight of the affected ones are 
males, 4 aie females Of 14 males exposed to the usk of mheiitmg the syndiome, 
7 did inhent it Of 10 females similarly exposed, 4 showed the syndi ome Thus, 



of 24 children of seven matings heterozygous in respect to the phenotype under 
discussion, 11 inherited the anomaly Transmission by a male parent occurred m 
2 instances and by a female in 2 instances Transmission took place dnectly 
between succeeding geneiations The mheiited factoi thus appeals to be a 
mendelian dominant and not sex linked 

CASE ABSTRACTS 

The numbeis used to designate patients in the following abstracts correspond 
to those on the genealogic tree 

1 D C an only son, had blue scleras and easily fractured bones No information as to 
the number ’of fractures is available He was slight, frail and of small stature He died as a 
result of an abscess of the brain complicating acute mastoiditis He was not h.nown to be deaf 
It is said that many of his relatives had blue scleras His wife did not have the affliction 
There is no information as to her family 

2 C C , a son of D C , had blue scleras and brittle bones He died of pulmonarv tuber- 
culosis at the age of 27 No deafness had developed 
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Foi centimes physicians have witnessed the tiagic instance of a child boin with 
multiple fiactures of the hones Lobstein 1 in 1833 designated this condition as 
osteopsathyi osis a descnptive teim denied from Gieek meaning friable bones 
In 1849, Vrolik lepoited a similai condition, which he named osteogenesis imper- 
fecta, implying defective fonnation of bone as the cause Spunvayv in 1896 
reported the first instance in which the condition of fragile bones (fragihtas ossuim) 
was associated wuth blue scleias Bronson, 3 m 1917, and van der Hoeie and de 
Kleyn, 4 m 1918, added to the syndiome the thud featuie deafness Key, 5 in 1926, 
leferred to the syndiome as “hei editary hypoplasia of the mesenchyme” and called 
attention to the hy potomcity of the ligaments with hypermobile joints In 1928 
Bell 0 collected 75 pedigiees including 489 cases of this abnormality The condition 
is not so laie as is generally thought 

Recent literature 7 has showm renewed intei est in the syndiome and indicates 
that there aie essentially two schools of thought regarding the cause of the brittle 
bones, the one asserting that the disease is a developmental defect the other, that 
it is a metabolic dysfunction The first theory resulted from Key’s study , the 
second follow ed the suggestion that the parathyroid glands 8 w ere i esponsible 
Critics 9 of the latter theory have published data wduch suggest that the parathy i oid 
glands are not implicated and that any association of dysfunction of these glands 
with the syndrome is fortuitous 

From the Edward J Meyer Memorial Hospital and the University of Buffalo School of 
Medicine, Buffalo, and the Department of Pathology of the New York Post-Graduate Medical 
School and Hospital, Columbia Unnersity, New York 

1 Lobstein, J G Traite d’anatomie pathologique, Paris, F G Lerrault, 1833, \ol 2, 
p 204 

2 Spurway, J Hereditary Tendency to Fracture, Brit AI J 2 844 (Sept 26) 1896 

3 Bronson, E On Fragihtas Ossium and Its Association with Blue Sclerotics and 

Otosclerosis, Edinburgh M J 18 240 (April) 1917 

4 van der Hoeve, J , and de Klej n, A Blaue Sclera, Knochcnbruchighcit und Sclnver- 
horigkeit, Arch f Ophth 95 81 (Jan ) 1918 

5 Key, J A Brittle Bones and Blue Sclera Hereditary Hjpoplasia of the Mesen- 
chyme, Arch Surg 13 523 (Oct ) 1926 

6 Bell, J Blue Sclerotics and Fragility of Bone, m Pearson, K Treasury of Human 
Inheritance, London, Cambridge University Press, 1928, vol 2, pt 3, sect 24 

7 (a) Hills, R. G , and McLanahan, S Brittle Bones and Blue Sclerae in Five Genera- 
tions, Arch Int Med 59 41 (Jan) 1937 (&) Dessoff, J Blue Sclerotics, Fragile Bones 

and Deafness, Arch Ophth 12 60 (July) 1934 

8 Takahashi, T Beitrag zur Kenntms der blauen Sclera, Arch f Ophth 115 206, 1925 
Dessoff 7b 

9 Rados, A, and Rosenberg, L C Relation Between Blue Scleras and Hjperpara- 
thyroidism, Arch Ophth 16 8 (July) 1936 
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Fig 2 — Profile view of patient 10 


1 




Fig 3 A, roentgenogi am of a hand and forearm of patient 10 with that of a normal 

person for comparison, showing mild osteoporosis and old fracture of the little finger B, 
roentgenogram of the skull of patient 10, lateral Mew, showing the increase m anteroposterior 
diameter and the prominent occiput 
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3 E C , a son of D C , is alive and well at the age of 65 He lias blue scleras and brittle 
bones and is deaf No information is available as to the exact number of fractures he has 
had, but there have been many 

4 G C , a son of D C , is alive and well at the age of 70 He has blue scleras and has 
had an unknown number of fractures but is not deaf 

5 W C, a son of D C, had blue scleras and brittle bones He was apparently not deaf 

6 C C S, a daughter of D C, had both blue scleras and brittle bones There was at 
least one recognized dislocation, and she w'as small of stature She died at the age of 74 
years There is good evidence that she was not deaf 

7 G M, aged 50, a granddaughter of D C, was interviewed and examined She stated 
that she had sustained several fractures and numerous spiains in the course of her life, often 
caused by only slight trauma She complained of ha\ ing weak arches of the feet During the 
past several years she had noticed progressive deafness She related that she had a dietary 
idiosyncrasy, which is a family characteristic , i e , she abstained from drinking milk Ph\ sical 
examination revealed a healthy -appearing woman of 50 years Her scleras were dark slate 
blue, and her hearing (watch test) was dcfinitelv impaired She was small in stature (height 
5 feet [152 5 cm]) but well proportioned All other physical findings were normal Roent- 
genograms showed the various bones to be slender and dcfinitelv osteoporotic Laboratory 
studies showed blood calcium 10 7 mg and blood inorganic phosphorus 3 7 mg per hundred 
cubic centimeters , blood phosphatase 4 7 Bodanskv units (corrected) , total proteins 7 2 mg 
per hundred cubic centimeters Gastric analysis revealed normal aciditv 

8 W S , aged 42, alive and well, is a brother of G M He has blue scleras, is deaf and 
has suffered more than twenty fractures in the course ot lus life, most of these occurring in 
youth He is descnbed as being small of stature Physical examination was not performed 

9 G S died m childhood She had blue scleras and brittle bones but was not deaf 

Patients 10 and 11 were examined at the Mount Moms Tuberculosis Hospital 
Mount Morris, N Y Dr N Stanley Lincoln, supei intendent, gave us permission 
to publish the data concerning them 

10 G O M, a great grandson of D C, was 25 years old at the time ot examination 
Since the age of 3 years he had had multiple fractures following slight trauma On one 
occasion, while “chinning” on a horizontal bar, he broke an elbow On another occasion he 
struck an aim against a wall and sustained a broken foreann Most of Ins fractures occuired 
between the ages of 3 and 16 yeais, although recently he suffered a fracture of the left zygoma 
There has been little or no displacement of the fracture segments The location of the 
fractures were as follows the left clavicle, a rib, the left zygoma, a phalanx (toe), the fore- 
arms, the elbows, the wrists, phalanges (fingers) Deafness and tinnitus were noticed for the 
first time at the age of 22 years and since have become progressively worse He is able to 
hear low tones better than high tones Since the onset of the deafness he has worn a hearing 
device He, too, never drank milk and complains of having weak aiclies He stated that 
his teeth erupted prematurely and that they decayed easily Several extractions were necessary, 
and it was noted that the gums bled rather freely The patient is fi ail and small of stature, 
and appears ten years older than Ins stated age His height is 5 feet 4 Yz inches (164 cm ) , 
his weight, 103 pounds (46 5 Kg ) His skull is large, but the facial features are small His 
head has a relatively long anteroposterior diameter Hie frontal and tempoial areas aie 
also rather prominent (fig 2) Vision and the eyegrounds are noimal The scleras are china 
blue, the blue being most marked near the cornea and fading off slightly r at the periphery 
There is no evidence of keratoglobus Otologic examination revealed a normal appearance 
of the drumheads Tubal inflations gave no relief from the deafness The Rinne test was 
negative, the Weber test showed hearing to be the same in both ears, and bone conduction 
is normal The upper extiemities show lesidual deformities from previous fractuies The 
humeri appear shortened There is definite thickening about the elbow joints, with marked 
irregularity in the contour of both elbows There is atrophy of the triceps muscles, particularly 
on the left The forearms are small and free from deformity except m the immediate vicmity r 
of the elbows The finger tips are spatulous The heart and the lungs weie found normal 
The blood pressure was 120 systolic and 80 diastolic The remainder of the physical exami- 
nation gave essentially negative results Special studies included roentgen examination of all 
the bones, chemical analysis of the blood, gastric analysis and determination of the amount of 
calcium excreted in the urine and of the pa of the stools Roentgenograms of the patient s 
bones, compared with those of an apparently normal person, taken simultaneously, showed 
generalized increased radiability, which is interpreted as osteopoiosis (fig 3 A) The skull 
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foui fiactures and lepeated dislocations on slight trauma He, too, has always lefrained from 
drinking milk Physical examination revealed a healthy young man with china blue scleras 
He demonstrated "double jointedness” with marked hypotomcity of the ligaments There was 
marked irregulaiity in the contoui of each elbow, with thickening about the elbow joint, and 
a small portion 'of the left olecranon process was felt posterior to the lowei end of the 
humerus and was freely movable These were residues of fractures There was no deafness 
Roentgenograms showed that all the bones were slender and small m size, with vaiymg 
degrees of osteoporosis The olecranon piocess of the left ulna showed an old fractuie with 
displacement upward and posteriorly to the articular surface of the humerus (fig 4) 

12 C S , aged 6 years, a daughter of W S , is alive and well She has blue scleras but 
has not as jet shown any tendency toward fracture or dislocation of bones or toward sprains 
Her hearing is unimpaired 



Fjg 4 Roentgenogiam of the elbow regions of patient 11, showing osteoporosis and 

deformity following fractures 

COMMENT 

There is sufficient evidence that the syndiome under discussion is inhented 
The present series conforms to the pieviously established dictum that unless blue 
scleras are present, the other features of the syndrome do not appeal Thus, the 
most constant feature of the syndrome is the scleral imperfection The exact nature 
of this inherited anomaly is unknown Whether a separate gene is concerned in 
the genesis of each feature of the syndrome is also unknown Patients 7, 10 and 
11 of the senes have scleras varying from light blue to dark slate blue The coloi 
was reputed to have vaned similarly m those of then ancestors who had blue scleras 
It has been demonstrated that the majority of persons afflicted with the blue 
sclera syndrome are physically frail and small of statuie A characteristically 
shaped head has been frequently noted In the affected persons whom Bronson 2 
described theie "was unusual piominence of the frontal and occipital bones, one 
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showed an increase in both the anteroposterior and the bitemporal diamctei Ihc occiput 
was unusually prominent (fig 3 B) Chemical analjsis of the blood gave lesults as follows 
blood sugar 100 mg , nonprotein nitrogen 27 mg , urea nitrogen 1 1 mg , uric acid 3 mg , blood 
chlorides (as sodium chloride) 471 mg , calcium 9 9 mg , inorganic phosphorus 3 4 mg and 
total proteins 81 mg per hundred cubic centimeters, phosphatase activity 2 7 units (Bodanshj) 
Gastric analysis following an alcohol test meal revealed the absence of free lndrochloric acid, 
a total acidity of 9 and a pn of 6 3 A second test was then performed The first sample was 
withdrawn after a test meal and the other samples at one-half hour internals aftei injection 
of 0 5 cc of histamine base (histamine acid phosphate) The usual effects of histamine, such 
as flushing of the face, throbbing sensations in the head, taclncardia and fall in blood pressure, 
were obsened, but no free lndrochloric acid was secreted The lesults are gnen in table 1 
The excretion of calcium in the urine was determined m two test periods while the patient 
was on a diet, the calculated (but not analv/ed) composition of which was planned to provide 
a neutial ash, low calcium content 10 1 he pertinent data are charted in tables 2 and 3 These 


Table 1 — Gastric Analysts Afta Stimulation ivith Histamine 



Total 

Tree 



V[|( roM ople 




Sample 

Vcid 

HC1 

pn 

Blood 

Obsen ntions 

Pepsin 

Benntn 

AIucus 

1 

5° 

0 

7 5 

— 

0 

SllKllt 

Slight 

1- 

T 

to" 

0 

70 


0 

Slight 

Slight 

4+ 

i) 

25° 

0 


— 

0 

Normal 

Normal 

•J 4- 

4 

05° 

0 


J. 

0 

Normal 

Normal 

4- 



Tabie 2 — Uitnaty Calcium Era chon First 

Test 


Intnbc of Calcium, Gm 

Excretion of Calcium, Gm 

Daj 

( Vinount Calculated) 

(brine Anal} red) 

1 

0 21 


O 

0 22 

0 200 

o 

0 22 

0 1G5 

4 

0 20 

0145 



Table 3 — Unnaiy Calcium Exaction Second 

Test 


Jntabc of Cnlclum, Gm 

Excretion of Calcium, Gm 

Da} 

( \inount Calculated) 

(Urine Vnah/ed) 

1 

013 


O 

0 22 


3 

017 


4 

014 

0 220 

5 

018 

0135 


data showed an excretion of calcium in the urine somewhat in excess of the normal expectancy 
established by Aub and Farquharson 10 under similar controlled dietary restrictions How- 
ever, the excess is small and the period of observation short It therefore appqars highly 
improbable that there was any hyperparathyroidism, at least at this period of the patient’s life 

The pH of the stools, determined by a glass electrode on various occasions, varied between 
7 2 and 5 6 The urine had a specific gravity of 1015 and contained no albumin, sugar or 
abnormal cellular constituents The Mosenthal test of renal function showed normal con- 
centrating and diluting power, the specific gravity ranging from 1 005 to 1 021 The blood 
showed a hemoglobin content of 15 2 Gm , the red cell count was 5,110,000, the white cell 
count was 10,500, with myelocytes 0 per cent, juvenile forms 0 per cent, stab forms 2 per cent, 
segmented forms 35 per cent, eosinophils 3 per cent, mononuclears 10 per cent and lymphocytes 
50 per cent The bleeding time was six minutes, the clotting time was seven and one-half 
minutes (capillar} pipet) The basal metabolic rate was — 8 Complement fixation tests for 
svphihs were negative 

11 W M, aged 19 years, a son of G M, was examined by us He related a history 
(confirmed by his mother) of having been born with a dislocated hip and of having sustained 

10 Aub, J C, and Farquharson, R F Studies of Calcium and Phosphorus Metabolism 
m Various Metabolic and Bone Diseases, J Clin Investigation 11 235 (Jan ) 1932 
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attempt to implicate the parathyroid glands pathogenetically There is fairly good 
histologic evidence 5 that patients with this syndrome have a defective osteoid 
matrix, paiticulaily m mtramembranous ossification This is most likely genotypic 
in oiigm Whether there is a second defect of calcium deposition metabolic m 
nature but likewise genotypic in oiigm is impossible to say Fuither speculation 
v ith the limited data available is certainly fruitless 

SUMMARY 

This study piesents a previously unrecorded family of 52 members, 12 of whom 
have been affected with the blue sclera syndrome Seven of the 12 members have 
both blue scleras and buttle bones Four have these defects and deafness, and 1 
has so fai only blue scleras Eight of the affected members are males, 4 are 
females The condition is transmitted from generation to geneiation and occurs 
equally m both sexes The physical attributes of small stature, hypermobihty of 
the joints, relaxation of the ligaments and, often, abnormal shape of the head 
are found characteristically m involved members Three members of the group 
have been studied m detail Roentgenograms of the skeleton revealed slender 
bones, geneiahzed osteopoiosis and deformities resulting from multiple fractures 
The present series conforms to the classic description of the syndrome as outlined 
by John Spurway (1896) and elaborated fuither by Bronson (1917), van der Hoeve 
and de Kleyn (1918) and Key (1926) 

Edward J Meyer Memorial Hospital 

New York Post-Graduate Medical School and Hospital 
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group having the type of skull which chaiactenzes patients with osteogenesis 
imperfecta Patient 10 of the piesent series has pionunent frontal and occipital 
areas of the skull The head is disproportionately large Patients 7 and 11 have 
heads of normal size and shape Howevei , these 3 members are small boned and 
except for patient 11 are small of statute They have noted that those of then 
collaterals who have -white scleras tend to be eithei of average height or tallei 
than normal 

Deafness has developed in 4 of the affected membeis Because se\eral mcmbeis 
of the family are yet quite young, deafness may still occm m them The syndrome 
in patient 10 confoimed almost entnely with Bezold's syndiome, which establishes 
a diagnosis of otoscleiosis with ankylosis of the stapediovestibular joint However, 
as pieviously noted, he w r as able to heai low' notes by bone conduction, whereas in 
otosclerosis the leveise is tiue 

Seven of the membeis with blue scleras have bones that show a tendency to 
fiactuie easily Seveial membeis complain moie of spiains and dislocated bones 
than of fiactuies A chaiactenstic of patients 7 10 and 11 is that they have weak 
arches Patients 10 and 11 show a piedilcction foi fiacturcs about the elbow joints, 
wlieie then pnncipal deformities aie seen 

The clinical and i oentgenogi aphtc evidences of pool mineralization of the bones 
suggest excessive exaction of calcium deficient absoiption of calcific salts oi 
ldiosyncias} of alimentation Although 2 patients of the family under discussion 
habitually had dietary restnctions that might have been significant, it is quite 
unlikely that these chetaiy abnoi mahties occuried selcctnelv in members of a famih 
through four geneiations One patient has gastric achloihydria e\en after stimu- 
lation wutli histamine and this as is well known 11 might lead to difficulties in the 
absoiption of calcium fiom the intestines Iiowexer, we do not know w’hethci this 
is meiely an isolated individual alienation oi a phenomenon occuiung geneially m 
pei sons with this syndrome Several investigators 12 have icpoited cases in winch 
the calcium balance w r as negative wheieas otheis 13 found the calcium balance 
normal Rados and Rosenberg 0 found noi mal exci etion of calcium and phosphoi us 
m the unne of their 2 patients Since it seems w r cll established that theie is 
osteopoiosis in this disease the fact that theie is lacking unequivocal chemical 
evidence of a negative chemical balance appeals to us to be of lessei significance 
Ceitamly a degiee of calcium loss that could be detei mined w r ith ease in necessarily 
shoit tenn metabolic studies would be incompatible with the longevity of life 
demonsti ated in the afflicted membeis of this family It is also conceivable that 
negative phases of calcium balance might occur only during cei tain i estricted tunes 
m their lives, and it would be a mattei of chance that these should be discoveied 
Ceitamly the tendency to fiactuie seems to lie a reaming, cyclic affau and 
diminishes with mciease in age This might conceivably be associated with 
endogenous changes, or it might be due to the vaiying exposuie to usk of fiactuies 
at diffeient times of life and the gi owing appiehension and peisonal solicitude that 
would come with maturity Neithei studies of phosphatase noi detei mmations of 
unnary calcium as done by otheis 0 and m the case of patient 10 wairant any 

11 Zucker, T F, and Matzner, M J On the Pharmacological Action of the Anti- 
rachitic Active Principle of Cod Livei Oil, Proc Soc Expel Biol & Med 21 186, 1923-1924 

12 Hunter, D A Case of Osteogenesis Imperfecta, Lancet 1 9 (Jan 1) 1927 Tauber, 
M Beitrag zum Calciumstoffwechsel bei Osteogenesis impel fecta, Monatsclir f Kinderh 
36 12, 1927 Aub and Farquharson 10 

13 Sindler, A Der Stoffwechsel bei Osteogenesis imperfecta, Ztsclir f Kinderh 42 85, 
1926 Stevenson, G H , and Cuthbeitson, D P Blue Sclerotics and Associated Defects 
Study of Four Families with Notes on Their Mineral Metabolism, Lancet 2 782 (Oct 10) 1931 
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Roentgenogram 4 was taken of the same cadaver placed in a left anterior oblique position 
Roentgenogram 5 was taken of a cadaver in the dorsoventral position after injection of 
35 cc of a 50 per cent sodium iodide solution and resection of the second and seventh costal 
cartilages 

Other loentgenograms were taken, but they either were not clear enough foi a correct 
intei pretation or did not afford us more information than was furnished by the five sent with 
this paper 



Pig i Vessels and light chambers of the heart of a cadaver m the dorso\entral position 

The roentgenogram was taken after injection of 70 cc of sodium iodide solution into the 
superior vena cava and resection of the second and third costal cartilages 

STUDY OF THE ROENTGENOGRAMS 

1 Vessels and Right Chambeis of the Heait m the Dot sovcnti al Position 
( fig l) —The right innominate vein (more than 50 mm long and 10 mm wide) 
is neaily vertical, foinimg an angle of 10 degrees with the "vertical axis The left 
innominate vein is only partially opaque Its duection is nearer to the horizontal 
with which it forms an angle of 40 degiees 




NORMAL CARDIOVASCULAR ROENTGEN SILHOUETTE 

STUDIED BY MEANS Or ROENTGENOGRAMS 01' THE CHESTS Or 
CADAVERS AFTER OPAQUE SOLUTIONS HAD BEEN 
INJECTED INTO THE LARGE VESSELS AND 
CHAMBERS Or THE HE \RT 

JORGE MENESES HOYOS, MD 

Professor of Cardiology in the Umvcrsitv of Mexico Cit\ and in the Artm Medical 
School and Head of the Department of Cardiologj of the 
Central Military Hospital of Mexico 
\xn 

J J QUES A.DA 

Professor of Roentgenologs in the Unnersitj of Mexico CiU and 
Radiologist of the Juarez Hospital 
Mrxico cm, Mexico 

Foi a propei mtei pi etation of loentgenograms of the chest an exact knowledge 
of the telations between the caichac silhouette and the laige -vessels and chambers 
of the heart is necessary 

Many interesting studies of this subject bate been made and published by Keith 1 
Dietlen, Roessler , 2 3 4 5 * * Paikmson 8 Vaquez and Bordet , 1 Delherm and Thojer Rozat 
and Laubry, Cottenot, Routier and Henn de Balsac/' but onl) the method followed 
by the last group has seemed to us quite comincing 

With a similar procedure, we have tiled to determine clearly the relations that 
noimally exist between the contour of the caidiac shadow m loentgen films and 
the different chambers and large vessels of the heart 

ROENIGENOGRAPIIIC METHOD 

In Juarez Hospital, of Mexico City, sodium iodide solution was injected into the large 
vessels and the chambers of the hearts of several cadavers Roentgenograms were then 
taken of the chests of these cadavers placed in the dorsoventral position and in oblique positions 

Roentgenogram 1 was taken of a cadaver in the dorsoventral position after 70 cc of a 50 
per cent sodium iodide solution had been injected into the superior icna cava and the second 
and third costal cartilages resected The distance between the tube and the film was 36 inches 
(91 5 cm ) , the x-ray apparatus evas generating radiant energy at 65 kilovolts and 80 milli- 
amperes 

Roentgenogram 2 was taken of a cadaver in the dorso\cntial position in the same way as 
roentgenogram 1 and after the same preparation plus an injection of 35 cc of a 50 per cent 
sodium iodide solution into the ascending aorta 

Roentgenogram 3 was taken of the same cadaver as roentgenogram 2 with the chest in 
a 20 to 25 degree right anterior oblique position Ihe distance between the tube and the film 
w r as 36 inches, the time of exposure was one second and a half and the x-ray apparatus wns 
generating radiant energy at 80 milhamperes and 70 kilovolts 

1 Keith, S Lancet 1 1466 (June 27) 1936 

2 Roessler, H Clinical Roentgenology of the Cardiovascular System Anatomy-Phvsi- 
ology-Pathology-Experiments and Clinical Application, Springfield, 111 , Charles C Thomas, 
Publisher, 1937, Atlas of Cardioroentgenologv, ibid, 1940 Golden, R Diagnostic Roent- 
genology, New York, Thomas Nelson & Sons, 1937 

3 Parkinson, J Lancet 1 1337 (June 13) , 1391 (June 20) 1936 

4 Vaquez, H , and Bordet, E Radiologie du coeur et des vaisseaux de la base, Paris, 
Masson & Cie, 1928 

5 Laubry, C , Cottenot, P , Routier, D , and Heim de Balsac, R J de radio! et 

d’electrol 19 193 (May) , 561 (Oct) 1935, Presse med 102 2071 (Dec 21) 1935, Radiologie 

clmique du coeur et des gros vaisseaux, Paris, Masson & Cie, 1939 
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One can see that the supenor left aich is foimed by the aoita and that the 

stiaight segment placed above this arch is foimed by the left carotid and the left 
subclavian artery 

3 Vessels , Right Chambers of the Heait and Aoita in Right Antenoi Oblique 
Position (fig 3) One can easily lecogmze the superior vena cava and the ascend- 



Fig 2 — Vessels, right chambers of the heart and aorta of a cadaver in the dorsoventral 
position, taken under the same conditions as roentgenogram 1 except that an additional 35 cc 
of the opaque solution had been injected into the ascending aorta 

mg aorta The width of the former is 20 mm and that of the latter is 28 mm 
One can recognize too, on account of the oblique direction of the vessel a small 
portion of the descending aorta 

The contour of the shadow of the heart and large vessels in the right oblique 
position is formed on the spinal side by the superior vena cava m the upper part 
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On the uppei pait of the light side of the noimal cardiac shadow one peiceives 
a shoit, nearly vertical segment placed above the so-called light supenoi aich 
It is obvious from this 1 oentgenogi am that this segment coi responds to the light 
innominate vein, placed behind the innominate aiteiy 

Both innominate veins join to foim the supenor vena ca\ a (80 mm long and 
16 to 20 mm wide in this i oentgenogi am), which foims the right side of the 
contour of the caidiac shadow m that place called In some authois the supenoi 
right aich 

At the junction of the two uppei thirds and the lower thud of the so-called 
right supenoi arch is the lnlar shadow' as found on the normal i oentgenogi am 
of the chest This is placed lowei in the light lung than m the left Ihe site of 
this shadow' is occupied m this roentgenogram by the ascending and descending 
branches of the light division of the pulmonary aiteiy The angle of division of 
these aitenes is just 110 degrees 

One can see m this i oentgenogram that the mfeiior light arch is formed b) 
the right atnum and that the shoit stiaight segment placed below is the supra- 
diapln agmatic poition of the mferioi \ena cava as stated In Laubry , and that it is 
not loaned by the hepatic veins as stated In Bocsslei In the cadavcis which 
we have dissected, the hepatic veins join the mfcnoi \ena ca\a below the diaplnagm 
In this roentgenogram, as well as in otheis we have taken, the hepatic -veins join 
the inferior vena cava below the diaphragm 

The i lght \ entncle is only paitially filled on account of the vahular and papillaiy 
structuies The pulmonary arteiy, its right and left divisions and the ascending 
and descending branches of these w'eie well filled with the opaque solution 

One can see in this roentgenogi am that the middle aich in the left side of the 
caidiac silhouette is formed mainly by the pulmonary artery and by its left diusion 
This fact must be emphasized 

One can see also that the light division of the pulmonaiy arteiy is longei 
than the left and that the left pulmonary lulus is higher than the right 

In this i oentgenogram the pulmonary aiterv is 26 mm long and 21 mm wide, 
the right branch is 60 mm long and 25 mm wide The apparent length of the 
left branch is 24 mm and the apparent width is 24 mm 

The cardiac shadow is m contact with the hepatic shadow foi a distance of 
70 mm and with the gastiic clearness foi a distance of 25 mm The poition 
of the cardiac shadow in contact with the hepatic shadow' is foimed bv the right 
ventricle for 50 mm and by the light atnum foi 20 mm The angle of division 
of the left pulmonary arteiy' is 150 degiees and is placed on the upper part of the 
middle left arch, a little outw'aid fiom the contoui of the caidiac shadow' This 
is the place normally' occupied by' the left pulmonaiy' lnlai shadow 

2 Vessels , Right Chambers of the Hcaii and Aoita in Do) soventi at Position 
(fig 2 ) — The shadow obtained is quite similai to the foimer but the aoita 
is filled with the opaque solution This filling is not complete in the ascending 
aorta 

One can clearly see that the ascending aoita is normally placed to the left of 
the superior vena cava and that noimally the supenoi right arch of the caidiac 
silhouette is formed by the supenor vena cava and not by the ascending aoita 
The left primitive carotid artery was filled w'lth the opaque solution, showing 
that the mtrathoracic poition of this arteiy'* is veiy long (60 mm ) One can 
appreciate how difficult it would be to reach the aoita by' palpation on the supia- 
sternal depression as some clinicians in our country pretend to do 
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One can appreciate that the aorta, though m this roentgenogram visible m its 
thiee portions (ascending, tiansverse and descending), is normally visible only 
in its ascending portion, the transverse portion being supei imposed on the tracheal 
clearness and the descending aorta on the shadow of the vertebiae 



Fig 4 — Vessels, right chambers of the heart and aorta in the cadaver shown in figures 
2 and 3, taken with the chest in a left anterior oblique position 

5 Pulmonaiy Veins , Left Chambcis of the Hem t and Aoita in Doisovcntial 
Position (fig 5 ) — The left anti um is noimally placed behind the left ventricle 
Consequently, only a small poition of it is visible m roentgenograms taken in the 
doisovential position, forming then the lover portion of the middle left arch 

Pulmonaiy veins are visible in the pulmonary field They reach the right side 
of the cardiac silhouette on the upper part of the right inferior arch, below the 
pulmonary hilar shadow The}* reach the left side of the contour of the cardiac 
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and by the light atiium in the lowei pait On the othei side the contoui is formed 
from the cianial end doivnwaid hy the pulmonary artery and its left dnision and 
by the left ventricle 

4 Vessels, Right Chambcis of the Iiecut and Aoita in Left Oblique Anlctioi 
Position ( fig 4) — The contoui of the roentgen shadow m this position is formed 



Fig 3 — Vessels, right chambers of the heart and aoita in the cadaver shown in figure 2, 
taken with the chest in a right anterior oblique position 

on the ventral side by the superior vena cava m the upper part, by the ascending 
aorta m the middle poition and by the right ventncle in the lower part On 
the dorsal side this contour is fonned fiom the cianial end downwaid by the 
ascending aorta m the uppei part, by the pulmonary arteiy m the middle portion 
and by the left antrum m the lower poition 
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middle aich and that of the right is the lower part of the right supeiior aich, 
they aie just the places of the branching of the left and right divisions of the 
pulmonan arteiy The sites of the pulmonaiv reins are lower and coriespond to 
the lowei poition of the middle aich on the left and to the uppei part ot the 
mferioi arch on the right 

The shadow of the pulmonan lulus m thoiacic roentgenogi ams of noimal 
subjects is therefore mainly vascula ; and even ai tei tal in nature 

In loentgen k\ mograms taken with this field m view, one of us (Dr Meneses 
Ho)os) and Dr Gomez del Campo hare always recognized the pulsation of the 
normal shadow of the pulmonary lulus, as shown m figure 6 

The middle arch on the left side of the caidiac shadow is formed mamlr hr 
the pulmonaiy artery and its left division 

The upper portion of the shadow* located m the middle of the chest is foimed 
neither bv the aoita nor by the superior rena car a but by the innominate reins, 
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Fig 6 — Roentgen krmogram showing pulsation in the shadow of the pulmonan lulus 
(Dr C Gomez del Campo) 

the innominate arteir the lett carotid arterr and the left subclarian aiten '1 he 
short stiaight segment placed abore the superior right aich is formed In the 
innominate r em covering the innominate arterr The short straight segment placed 
above the superior left arch is formed br the superposition of the left carotid and 
left subclavian arteries 

The distance between the aorta and the sternal fourchet ranes widelr in loent- 
genograms of normal persons but is alrvars sereral centimeters and the aoita is 
not to be easilr reached br palpation of the suprasternal depression 

SHIM \RY \XD CONCLUSIONS 

The right side of the cardiac silhouette is foimed from the cranial end down- 
waid br a short nearly rertical segment corresponding to the innominate resseh 
br the so-called right superior arch w Inch normalh coi responds to the superior r ena 
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shadow on the lowei part of the left middle aich, a little below the left pulmonary 
lnlar shadow 

One can thoioughly appieciate how great is the distance between the aortic 
aich and the sternal fouichet (38 mm in this loentgenogiam) The appaient length 
of the ascending aoita is 55 mm , its diametci, 21 mm 



Fig 5 — Pulmonary veins, left chambets of the heart and aorta of a cadaver in the dorso- 
■\entral position after injection of 35 cc of the opaque solution and resection of the second 
to seventh costal cartilages 

COMMENT 

In our i oentgenograms some interesting facts become apparent that have not 
been enough emphasized in medical literature 

The normal shadow of the pulmonary lulus m i oentgenograms has the same 
place and the same form as the shadow of the light or the left division of the 
pulmonary artery at the site of its branching into an ascending and a descending 
artery The place of the left pulmonaiy hilar shadow is the upper part of the left 



SERUM CONCENTRATION AND RENAL CLEARANCE OF 
POTASSIUM IN SEVERE RENAL INSUFFICIENCY 

IN MAN 

NORMAN M KEITH, MD 

HARRY E KING, MD 
Fellow in Medicine, the Mayo Foundation 

AND 

ARNOLD E OSTERBERG, PhD 

ROCHESTER, MINN 

The fact that dui mg each day~a noimal person ingests b) mouth and excietes 
m the urine and stool seveial giams of potassium had led to use of the expiession 
“potassium balance ” Since appi oximately 80 per cent of the output of potassium 
is excreted by the kidney, it has usually been assumed that the renal parenchyma 
' possesses a special ability to excrete this ion Indeed, the rapid tenal excietion of 
potassium after the ingestion of a considerable amount of a potassium salt has been 
suggested as a leason for the nontoxic effect of potassium on the normal organism 
If renal excretion is seriously impaired, as it may be m the presence of lenal 
disease, it might be suspected that letention of potassium m the blood serum analo- 
gous to retention of other excretory constituents of the urine would occui In 
animals with experimentally produced lesions of the kidneys, including bilateial 
nephrectomy, bilateial ligation of the uieteis, bilateial chronic loentgen lay 
nephritis and intoxication with uranium and mercury bichloride, a progressive 
increase in the potassium concentiation of the serum has been observed and has 
been regarded as a retention phenomenon 1 Among human beings who have severe 
renal insufficiency, however, the values for serum potassium have not been found to 
be consistently mci eased Among patients who have similai high degiees of 
retention of urea, the concentration of potassium m the serum may be increased m 
some and normal or even subnoimal m others 2 This lather considerable vanation 

From the Division of Medicine (Dr Keith) and the Section on Clinical Biochemistry 
(Dr Osterberg), the Mayo Clinic 

1 (a) Noguchi, I Untersuchungen uber den Mineralstoffwecbsel in Nicrenkranken, 

Arch f exper Path u Pharmakol 108 73-77, 1925 ( b ) Beckmann, K , Bass, E , Durr, R , 
and Drosihn, G Stoffwechsel und Blutveranderungen nach Nierenextirpation Ionenvirsclueb- 
ungen und Saure-Blasengleichgewicht nach Nierenexstirpation, Ztschr f d ges exper Med 
SI 333-341, 1926 ( c ) Mark, R E , and Kohl-Egger, E Kalium-Kalziumspiegel im Serum 

nach Harnstoffgabe, Zentralbl f inn Med 48 578-584 (June) 1927 (d) Hartwich, A , and 

Hessel, G Der Kalium-, Calcium- und Kochsalzspiegel bei den verschiedenen Formen der 
experimentellerzeugten Uramie, Klin Wchnschr 7 67-69 (Jan 8) 1928 ( c ) Nicholson 

W M , and Schechter, A J Cardiac Arrhythmia After Bilateral Ureteral Ligation in the 
Dog, Bull Johns Hopkins Hosp 60 346-357, 1937 (/) Bolliger, A , and Breh, F Ueber die 

Mmeralstoffveranderungen des Blutes bei experimenteller Nephritis, mit spezieller Beruck- 
sichtigung des Kahum-Kalziumspiegels im Serum, Zentralbl f inn Med 49 825-831 (Sept ) 
1928 

2 (a) Meyers, V C , and Short, J J The Potassium Content of Normal and Some 

Pathological Human Bloods, J Biol Chem 48 83-92 (Sept) 1921 ( b ) Zondek, H , Pctou, 

H, and Siebert, W Zur Frage der Funktionsstorung der Niere, Klin Wchnschr 1 2172- 
2174 (Oct 28) 1922 (c) Wilkins, L, and Kramer, B Studies on the Potassium Content of 
Human Serum, Arch Int Med 3 1 916-922 (June) 1923 ( d ) Briggs, A P A Stud} 
of the Inorganic Elements of Blood Plasma, J Biol Chem 57 351-357 (Sept) 1923 

(Footnote continued or next pane) 
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cava, placed 1101 malty to the light of the ascending aoita, and by the inferior 
right aich, couesponding to the light atnum The vciy shoit stiaight segment 
sometimes visible m the lowei pait of this silhouette is foimed by the interim 
vena cava The suprahepatic veins weie totally subdiaphragmatic in the cada-vers 
we studied 

The left side of the caidiac silhouette is foimed fiom the cianial end down- 
waid by a stiaight segment couesponding to the left carotid and left subclavian 
arteries, by the middle arch, corresponding on its uppei portion to the left division 
of the puhnoncny aitciy, on its middle poition to the pulmonarj arter) and on 
its lowei portion to the left atnum, and by the mtenoi left arch, coi responding to 
the left ventricle 

In oui 1 oentgenograms the lowei and outward pole of the shadow of the heait, 
usually called the apex, cm lesponds entirety to the left Aentricle 

The shadows normally obtained at the sites of the pulmonan lull coricspond 
to the branching of the light and the left division of the pulmonary aitery The} 
are mainly vasculai and even ai tei ml m nature 

The silhouette of the heart and vessels m a right antciioi oblique position is 
formed on the spinal side by the superioi \cna ca\a on its uppei portion and by 
the light atnum on its lowei portion This same silhouette is formed on the 
■\entral side from the cranial end downward by the ascending aoita (the innomi- 
nate vessels and the left carotid and subcla\ian aiterics being neatly transparent 
to loentgen ia}s), the pulmonan artery and its lett diusion and the left ventricle 
The silhouette of the heait and laige \esse 1 s in 1 oentgenograms taken in a left 
anteuoi oblique position is foimed on the a enlral side by the superioi \ena caia 
on the upper poition, b) the ascending aoita on the middle poition and by the 
right \entncle on the low r er poition On the spinal side it is foimed on the upper 
pait b) the aoita, on the middle poition In the pulmonarj aiterv and on the 
lower poition by the left atrium 

Normally, only the ascending poition of the aoita is visible on a roentgenogiam 
taken in a left antenor oblique position, the tians\erse portion being superimposed 
on the tracheal clearness and the descending portion on the shadow of the vertebrae 
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Table 2 — Cluneal and Pathologic Obseivatwns z 


Case 

Age, 

Tr 

Sex 

Hemo 
Edema, globin, 
Grade Gm per 
0 to 4 100 Cc 

Erythro 

cytes, 

Millions 

per 

Cu Mm 

Blood 
Pressure, 
Mm Hg 

Ocular Fundi 

Died * 

Diagnosis 

4 

42 

M 

0 SO 

2 90 

190 240 

Retinitis 

D 

Clinical diffuse arteriolar disease 
with hypertension group 3, myo 
cardial degeneration with early 
failure 

Necropsy Diffuse arteriolar dis 
ease (hypertension) with super- 
imposed glomcrulitis 






110 170 



7 

,S 

M 

0 2 11 6 
<) 1 

4 1 

34 

ISO 2G0 

Retinitis 

papilledema 

D 

Clinical diffuse arteriolar disease 
with hypertension group 4, mjo 
cardial degeneration and deeom 
pensation, acute pericarditis 
edema of brain 

Necropsy arteriolar sclerotic 
atrophy of kidneys, fibrinous 
pericarditis 




120 180 


ii 

16 

M 

03 58 

7 0 

2 51 
316 

125 160 

Retinitis 

— 

Clinical chronic glomerulone 
phritis, pulmonary congestion 





90 130 



14 

2". 

r 

0 5 3 

1 50 

175 245 

Retinitis, 
papilledema 
disks anemic 

D 

Clinical chronic glomerulone 
phritis, diffuse arteriolar disease 
with hypertension group 4 
Necropsy chronic glomerulone 
phritis 






125 160 


15 

21 

M 

12 4 3 

1 40 

150 185 

Acute angio 
spastic retin 
itis. anemia 
and edema 
of disks 

D 

Clinical chronic glomerulone 
phritis, pericarditis 

Necropsy chronic glomerulone 
phntis, fibrinous pericarditis, 
chronio tuberculosis of lungs 
and hilus nodes 






100 130 


IS 

U 

M 

01 60 

300 

180 220 

Retinitis, 

papilledema 

D 

Clinical chronic glomerulone 
phritis, diffuse arteriolar disease 
with hypertension group 4, myo 
cardial degeneration and decom 
pensation, pulmonary edema, 
bronchopneumonia 

Necropsy granular atrophy of 
kidneys, hypertrophy of heart, 
bronchopneumonia 






110 160 


]') 

SI 

M 

0 96 

SCO 

100 220 

No retinitis 

-t 

Clinical chronic glomerulone- 
phritis 

Necropsy advanced chronic 
glomerulonephritis with renal 
atrophy 






65 130 



24 

64 

r 

0 1 62 

2 95 

140 230 

No retinitis, 
no hemorrhages 

— 

Clinical chronic glomerulone- 
phritis, chronic pyelonephritis (?), 
diffuse arteriolar disease with 
hypertension group 2, uremia 






70-105 


25 

37 

M 

0 5 5 

22 

140 190 

Anemia, no 
retinitis 

D 

Clinical chronic glomerulone- 
phritis, severe anemia, myocar- 
dial degeneration with decom- 
pensation 

Necropsy chronic glomerulone 
phritis, uremia, fibrinous peri- 
carditis 






90 140 


26 

23 

M 

0 1 10 0 

7 0 

3 7 

25 

120 160 

Anemia, no 
retinitis 

D 

Clinical chronic glomerulone- 
phritis 




80 100 


27 

16 

F 

0 6 1 

2 10 

140 180 

Retinitis, 

anemia 

— 

Clinical chronic glomerulone- 
phritis 






95 125 


30 

25 

M 

0 1 12 3 

° 87 

120 170 

Essentially 

normal 

D 

Clinical acute renal insufficiency 
(etiology ? unknown toxic medi- 
cation ?), diabetes mellitus 
Necropsy Hypertrophy of kid- 
neys (combined weight 627 Gm ), 
hydropic degeneration of tubules 
and glomeruli, extensive sub- 
acute central necrosis of liver 






70100 



* Died in the hospital while under observation 
f Died at home thirty two days after dismissal 
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m \ allies for seium potassium among such patients seems to indicate that the 
concentration of serum potassium may be altered not only by impaired renal 
function but also by extrarenal factors Of the latter the most obvious would be 
changes m the complicated ionic balances m the body fluids and tissue cells To 
obtain additional information regarding this pioblem it seemed advisable, while a 
gioup of these patients were being observed in the hospital, to estimate repeatedly 
the concentration of potassium and certain other constituents in their blood serum 
and also to determine the volume of serum cleared of potassium by their urine 
during a given penod The following leport is the result of clinical and chemical 
investigations of 33 patients who had definite renal insufficiency Pathologic study 
also was carried out on 14 of them 

SELECTION or PATIENTS 

The 33 patients included in tins studj were of two groups (1) patients with chronic 
diffuse nephritis and (2) patients with subacute nephritis and passu c congestion (table 1) 
The first group was comprised of 29 patients who were selected because thc> were suffering from 
chronic disease of the kidneys and definite renal d>sfunction The primary diagnosis for 8 


Table 1 — Distribution by Condition Thu ty-Thrcc Cases of Definite Renal Insufficiency 




OaECS 


' Total 

A 

Numerical 

Condition Present 

Number 

Designation 

Chronic DSfiuso Nephritis 



Chronic nephrosclerosis * 

8 

1 through 8 

Chronic p5 elonephrltis 

2 

0 and 10 

Chronic glomerulonephritis (no potassium salt ghen) 

1G 

11 through !G 

Chronic glomerulonephritis (potassium salt ghen) 

S 

27 through 20 

Total 

20 

1 through 20 

Subacute Nephritis and Passive Congestion 


Indeterminate subacute process 

1 

30 

Subacute bilateral thrombosis 

1 

SI 

Passive congestion t 

o 

32 and 33 

Total 

4 

30 through 33 


* In caEO C potassium chloride was injected onco intravenously 
t In case 32, 15 Gm of potassium nitrate was given by mouth 


of these patients was chronic diffuse arteriolar disease with marked involvement of the 
kidneys, or chronic nephrosclerosis , for 19, chronic glomerulonephritis, and for 2, chronic 
pyelonephritis Renal insufficiency was extreme in 26 of these patients, the severity of renal 
dysfunction was indicated by greatly increased concentrations of urea and creatinine in the 
blood The remaining 3 patients, who had chronic glomerulonephritis (cases 27, 28 and 29 
in table 1), were included because to each of them a potassium salt was administered They 
did not have such severe renal insufficiency as did the other 26 patients, and in 2 of them 
(cases 28 and 29) features of chronic lipid nephrosis w 7 ere present 

In the second group of 4 patients (cases 30 through 33 in table 1), rapid progressive 
renal insufficiency developed while the patients w r cre undei observation The cause m 1 of 
them was obscure, in the second arterial thrombosis with multiple infarcts of both kidneys 
occurred, and in the remaining 2 there was marked congestion of the kidneys secondary to 
myocardial failure 

( e ) Nelken, L , and Steimtz, H Ueber den Gehalt des Blutserums an Calcium und Kalium bei 
Nierenkrankheiten, Ztschr f klin Med 103 317-341, 1926 (/) Salvesen, H A Variations 

m the Serumelectrolytes in Diseases of Renal Origin with Special Reference to the Cause 
of Renal Acidosis, Acta med Scandinav 69 126-186, 1928 (g) Green, C H , Wakefield, 
E G , Power, M H , and Keith, N M The Electrolyte Distribution and the Acid-Base 

Equilibrium in the Serum m Cases of Nephritis and Nephritic Acidosis, Biochem J 26 1377- 
1382, 1932 (/») Hoffman, W S , and Jacobs, II R D The Partition of Potassium 

Between the Serum and Corpuscles in Health and Disease, J Lab & Clin Med 19 633-644 
(March) 1934 (t) Atchley, D W , Loeb, R F , Benedict, E M , and Palmer, W W 
Physical and Chemical Studies of Human Blood Serum II Study of Twenty-Nine Cases of 
Nephritis, Arch Int Med 31 611-615 (April) 1923 
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w omen, and their ages mailed fiom 16 to 64 Moderate to seveie anemia usually 
was present Obseivations made m case IS (table 2) revealed the most severe 
anemia, the concentration of hemoglobin deci easing to 4 3 Gm pei hundred cubic 
centimeters and the er}throc}te count to 1,400,000 per cubic milhmetei Definite 
lnpertension was present in 28 patients and absent m 2, whereas in the 3 lemammg 



Fig 2 (case 30) — Sections from a kidney (hematoxylin and eosm, a, X 125, b, X 300). 
There is hydropic degeneration of the tubules, the cells having a pale, foamy, edematous 
appearance Many tubules contain casts of albuminous material and some contain pus In 
occasional tubules there is calcium material with more advanced degenerative changes. 
Glomeruli and arterioles appear to be fairly normal 

patients the blood pressure usuall) was normal but on a few 7 occasions increased to 
abnormal values 
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OBSERVATIONS 

Clinical and Pathologic Obscivations — A summaiy of the significant clinical 
data obtained in 12 of the senes of 33 cases and the peitinent pathologic obsenations 
in 8 of them aie gnen in table 2 3 Seventeen patients wcie men and 16 were 



Fig 1 (case 14) — Sections from a kidney (hematoxylin and eosin, a, X 100, b, X 320) 
There are numerous hyalinized glomeruli and atrophy of the tubules An increase in interstitial 
connective tissue and collections of lymphocytes can be seen The vessels appear to be fairly 
normal, but in other sections (not shown) of this kidney pronounced artenolosclerosis wit i 
almost complete obliteration of the lumens could be seen Arteriosclerosis also was marke 


3 Observations in all 33 cases were extremelv valuable, but for purposes of conseiva- 
tion of space the data for only 12 appear in extenso in tables 2 and 3 
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ment of this patient afforded a good opportunity for study of the effects of the 
ingestion of potassium salts on lenal function and on the concentration of potassium 
in the serum 

Table 3 — Chemical Studies of the Blood 3 


Blood Serum Plasma 

> * . i . - 
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Hg, 

Mg per 

Gm 

per 



Mg per 



Potas- 

Mg per 100 Cc 
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100 Cc 

100 Cc 



100 Cc 
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Cal- 
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Sul- 
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Choles 
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Cc 

Urea 

inine 
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min 

sium 

dium cium 

phorus 

fate 

Ratio Chlorine) 
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% 

4 

5 
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11 2 
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4 1 

19 2 
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* Theso values were not obtained on the same specimen of blood as the corresponding values of 
potassium, but were for other specimens obtained within forty eight hours 
i Day of death 

1 On the sixteenth day the patient received 300 cc of citrated blood by transfusion The concentration 
of potassium in blood serum immediately after transfusion was 34 1 mg per hundred cubic centimeters as 
compared with 34 2 mg in specimen withdrawn prior to transfusion 

§ This patient ingested a potassium salt during observation in the hospital Details of the amount 
taken are given in table 4 


Pathologic studies 4 m 10 cases of the group m which the condition piesent 
clinically appeared to be chronic renal disease revealed diffuse chronic lesions 

4 Dr A H Baggenstoss, of the section on pathologic anatomy of the Mayo Clinic, 
made the pathologic observations 
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The couise of the illness after examination m this senes of patients emphasizes 
the serious nature of the renal lesions Seventeen patients died while they ueie 
under obseivation in the hospital, and 15 died later, but within eight months of 
their dismissal A single patient (case 29) is alive thirty-two months after dis- 



Fig 3 (case 32) — Sections from a kidney (hematoxylin and eosin, a, Xl25, b, X 300) 
Marked congestion and occasional focal atrophy of tubules (chronic infarction) Evidence of 
severe passive congestion Old pyelonephritic scar Little foci of atrophy of tubules, with 
fibrosis and interstitial lymphocytes Glomeiuli congested, but glomerulitis not present Deposits 
of calcium and casts in tubules No arteriolar sclerosis of any degree 

tnissal This patient had renal dysfunction which was much less severe than that 
of any other m the series, and the data are included because potassium salts had 
been administered for their diuietic action Therefore conditions during the treat- 
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blood These mean concenti ations weie 242, 12 2 and 27 2 mg pei hundied cubic 
centimeters lespectively Some degiee of acidosis was present m 30 of 33 patients, 
as indicated by a l eduction in the carbon dioxide-combmmg power of the plasma 
This i eduction vaned considerably, it was slight m some patients and extreme in 
others Hypochlorenua was present in many patients, and the concentration of 
sodium m the seium also was often consideiably reduced Our finding that the 
concenti ation of both the chlonde m the plasma and the sodium in the serum was 
fi equently reduced m cases of sevei e renal insufficiency is m agreement with previous 
experience 

The concenti ation of phosphoius m the serum was detei mined foi 10 patients 
and was found to be increased m all, the actual values weie 5 0 to 17 3 mg pei 
hundied cubic centimeters The content of calcium in the serum was estimated foi 
13 patients, it vaned from 3 9 to 10 2 mg per hundred cubic centimeters Symp- 
toms of tetany were not present, even in patients who had very low concentrations 
of calcium in the seium There was, however, no correlation found between 
increases of phosphorus or decreases of calcium and the inclement of potassium in 
our series of patients The cholesterol content of the plasma was definitely increased 
to more than 300 mg per hundred cubic centimeters m 5 patients (cases 8, 17, 26, 
28 and 29), and in all 5 edema and hypoprotememia also weie present 

Analysis of our data with regard to the concenti ation of potassium in the blood 
serum reveals some very interesting observations The concenti ation varied from 
12 8 to 40 9 mg per hundred cubic centimeteis, as compared with a normal range of 
17 to 21 3 mg 7 Such an mci eased variation over noimal seems difficult to explain 
However, on further examination it is evident that patients with persistent severe 
lenal insufficiency who have a subnormal or noimal value for seium potassium 
on a single occasion will later often, although not invariably, be found to have an 
abnormally high concentration of potassium Actual results show that for 14 of the 
33 patients a single value was within the normal range, wheieas on the other hand 
24 of the 33 patients had at least one value which was moie than the maximal 
noimal, 21 3 mg per hundied cubic centimeteis In 16, or 66 pei cent, of the lattei 
24 patients the serum potassium leached a concenti ation of more than 25 mg 
These results give ample evidence that in the presence of uremia, repeated 
determinations of the concentration of potassium in the serum often will reveal an 
abnormal increase, whereas a single estimation may not 8 

In cases 24, 26 and 27 interesting results are disclosed the initial concentrations 
of potassium m the serum were abnormally high, 30 1, 33 7 and 32 9 mg per 
hundred cubic centimeters, although the uiea and cieatimne m the blood had not 
increased to extremely high levels, the values for urea being 81, 154 and 124 mg 
and those for creatinine 4 4, 3 4 and 7 6 mg lespectively (table 3) Several mvesti- 
gatois have previously noted a high value foi potassium in the seium of a single 

7 This was the range obtained in a series of normal persons by Furey (Furey, E D 
Noimal Variations in Proteins and Certain Inorganic Elements of the Blood Serum, Proc 
Staff Meet, Mayo Clin 13 730-732 [Nov 16] 1938) 

8 In diabetes mellitus (Rathery, F , and Bertoliatti, J Variations du taux du potassium 
dans le sang et diabete sucre, Compt rend Soc de biol 116 1346-1349, 193-1 McQuarne, I , 
Thompson, W H , and Anderson, J A '^Effects of Excessive Ingestion of Sodium and 
Potassium Salts on Carbohydrate Metabolism and Blood Pressure in Diabetic Children, 

T Nutntion 11 77-101 [Jan] 1936), in tetany, 2c in wound shock, 25 in certain allergic states 
(Rusk, H A , Weichselbaum, T E , and Somogyi, M , with the technical assistance of 
Simms, E Changes in Serum Potassium in Ceitain Allergic States, JAMA 112 2395- 
2398 [Tune 10] 1939 Hoffman and Jacobs 2h ), in burns and m some infections accompanied 
bj' fevei inci eases in serum potassium to more than normal have been reported In the 
piesent senes of cases we believe these conditions have been excluded with the exception of 
te\ ei 
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thioughout the kidnejs (fig 1 case 14) On the other hand, m the group of 4 
cases m which lapid piogiessive lenal insufficient.} developed necropsj icvealed 
subacute renal lesions in 2 (fig 2, case 30) and seveic congestion in 2 (fig 3, case 
32) The adrenal glands weie examined m 13 cases in which neciopsy was per- 
formed, because of the knowm lelationship between the hormones of the adrenal 
cortex and potassium metabolism Histologic stud} did not reveal any distinctly 
abnormal condition, in a few r of the cases of diffuse aitenolar disease the walls of 
some of the artenoles of the capsule and of the gland itself w r eic distmctl) thickened 
Rabinowitch 5 in 1925 suggested a possible lelationship between a high potassium 
sodium ratio in the blood serum and dilatation of the heart In 5 of his patients 
with a high potassium sodium latio in the scitim he observed pronounced dilatation 
of the heart at necropsy Oui expci lence m 3 cases w'as somcw'hat different (tables 
1, 2 and 3) In case 9, with the concentration of potassium m the serum increased 

T \ble 4 — Effect of Potassium Sails on the Concent) ation of Potassium m the 

Blood Serum of rnc Patients 


Period o t Scrum Blood 


Case 

Hospital 

Dai 

How Ghen 

\inount 

Gm 

\tlminis 
tration, 
Pa\s * 

Potassium, 
Mg per 
100 Cc 

Urea, 

Me per 
100 Cc 

Diagnosis 

G 

17 




1S9 

CTG 

Chronic nephrosclerosis 


IS 

Intraicn 

ousli 

7 2KCI in 

900 cc solution 






20 




22 4 

3<S 


27 

G 




31 0 


Chronic glomerulonephritis 


7 

Per os 

5 0 KHCOa 


37 3 

11S 


2S 

111 




22 G 


Chronic glomerulonephritis 


122 

Per os 

4G KISOa 

n 

331 

114 



152 

Per os 

CO KNOa 

30 

23 1 

70 


29 

4 




24 4 


Chronic glomerulonephritis 


9 

Per os 

40 KNOa 

5 

217 




14 

Per os 

27 KIsOa 

10 KC1 

*i 

2GS 




19 

Per os 

21 K>Oa 

12 XC1 

o 

27 7 

GO 



2G 

Per os 

7G KNOa 

7 

25 0 

52 


32 

5 

Per os 

15 KIsOa 

o 



Pns«i\ e congestion of XIdnc\ 


9 




°4 2 

19G 



* Period of administration completed on tlie c\cn!ng of the previous dnj 


to 34 mg per hundred cubic centimeters and the potassium sodium ratio to 0 1062, 
there was no evidence of caidiac dilatation However, in cases 15 and 18 both the 
concentration of potassium m the serum and the potassium sodium ratio were 
distinctly increased and moderate dilatation of the left ventricle w r as observed at 
necropsy 

Obsei vations m Chemical Studies of the Blood — Results of chemical studies of 
the blood 6 of certain of our 33 patients aie listed m tables 3 and 4 It is apparent 
that severe renal insufficiency and retention of certain metabolites in the blood 
w r ere the rule The abnormally high retention of metabolites in 29 patients is 
strikingly showm by the mean concentration of uiea, creatinine and sulfate in the 

5 Rabinowitch, I M On the Relative Proportions of Sodium, Potassium, Calcium 

and Magnesium in Blood Plasma in Renal Disease, J Biol Chem 62 667-6/3 (Jan ) ) 

6 The blood obtained from patients in this study was withdrawn from a vein in t ie 
elbow, in the morning, before the ingestion of food 
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intoxication with potassium (fig 6, case 15) 21 These investigators expressed the 
beliefs that the abnormal results seen m electrocardiograms obtained m their 
experiments weie caused by the increase in the concenti ation of potassium m the 
seium and that death of an animal in the presence of such experimentally produced 
intoxication is due to caidiac failuie, which in turn is brought about by the high 
concentration of potassium in the serum We cannot entirely exclude the possibility 
that the early electrocardiographic changes noted in case 15 might be due to acute 
pericarditis which was present at this time, but we think the evidence is strongly 
suggestive that the later changes were due to potassium intoxication If these 
changes in the electrocardiogram developed as a result of the high concentration of 
potassium in the circulating plasma, 40 9 mg per hundred cubic centimeters, or 
10 4 milliequivalents, we believe these tracings aie the first to indicate the occur- 
rence of such intoxication m a patient suffering from chronic nephritis and uremia 
In this connection Cushny 12 made a very interesting statement in 1917, when he 
said that a concenti ation of potassium in blood plasma “in anything over about 50 
mg per cent is highly poisonous to the heart ” The evidence m case 15 that potas- 



Days in hospital 

Fig 5 (case 25) — Contrast between the concentration of urea in the whole blood and of 
potassium in the serum of a patient with terminal uremia On the sixth hospital day the 
value for urea was 252 mg (five times normal) and that for potassium was 20 9 mg, a normal 
figure From that day until death there was a distinct increase m the concentrations of both 
urea and potassium 

stum might be playing a causative role m the production of the toxemia m uremia 
revives a viewpoint hinted at by Meissner 13 in 1866, suggested by Voit 14 m 1868 
and discussed at length by Feltz and Ritter 1B in 1881 

11 In case 32 the electrocardiogram showed on the seventh hospital day an intraventricular 
conduction defect with a QRS complex of 0 16 second On the patient’s first day in the 
hospital the QRS complex was of normal duration, and it seems possible that the change 
might be attributed to an increase m the concentration of potassium in the serum, as has 
been suggested in case 15 (table 4) Further support to this suggestion was the absence of 
any demonstrable myocardial lesions on histologic examination Dr H B Burchell interpreted 
these electrocardiographic tracings 

12 Cushny, A R The Secretion of Urine, London, Longmans, Green & Co , 1917 

13 Meissner, G Bericht uber Versuche die Uramie betreffend, Ztschr f rat Med 
26 225-249, 1866 

14 Voit, C Ueber das Verhalten des Kreatins, Kreatinins und Harnstoffs lm Thierkorper, 
Ztschr f Biol 4 77-162, 1868 

15 Feltz, V, and Ritter, E De l’uremie experimental, Paris, Berges, Levrault & Cie, 
1881 
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similai patient In om 3 patients (cases 24, 26 and 27) the ccium potassium was 
sustained at a high level, although the patients continued to excrete a considerable 
volume of urine As lenal insufficiency inci eased in case 26 fiom the fouiteenlh to 
the fortieth day in the hospital, theie was a giadual decicase m the concentration 
of potassium in the seium fiom 33 7 to 25 7 mg (fig 4, case 26) 

The lesults m cases 4, 15, 18 and 25, in which chiomc ncphntis was present, 
emphasize that teiminal lenal failuie, with ohguna in cases 15 and IS but with a 
consideiable output of unne m case 4, may be accompanied by an increase in serum 
potassium (fig 5, case 25) Bolhger and Breh lf reported similar results m chronic 
experimental nephritis pioduccd by loentgen rajs In case 15, during terminal 
lenal failuie when acute pencaiditis de\ eloped and the concentration of seium 
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Tig 4 (case 26) — Contrast between the concentration of urea in the whole blood and 
the concentration of potassium in the seium On tile fouiteenth day, with an increase in 
urea to 154 mg (three times normal), the value for potassium was relatively high (33 7 mg) 

As the content of urea steadily increased to reach 327 mg on the fortieth day, the content 

of potassium decreased, to 25 7 mg Early in this period the concentration of potassium m the 
urine giadually decreased and then remained at a fixed value, the total output of potassium 
in the urine remained fairly constant throughout the entire period of twenty-six days Note 
that on the twenty-second day the concentiation of potassium in the serum was 317 mg 
and the concentration m the mine w r as 207 mg, six times greater than that in the serum 

potassium was increasing rapidly, electiocaidiograms were made on several occa- 
sions These tiacmgs revealed some veiy definite progiessive changes, which were 
similar to those reported by Hoff, Smith and Winkler 9 10 in expenmentally produced 

9 Footnote deleted on proof 

10 Hoff, H E , Smith, P K , and Winkler, A W The Cause of Death in Experimental 

Anuria, J Clin Investigation 20 607-624 (Nov ) 1941 
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concentration of potassium in the serum did not The patient had had marked 
ohguna for four days pievious to admission, and during three of the days during 
which he was under observation in the hospital the daily twenty-four hour output 
of urine totaled 150 cc , none and 15 cc respectively In spite of this pronounced 
oliguria and anuria, the concenti ation of potassium in the serum on the morning of 
the day before death was 19 7 mg per hundred cubic centimeters This result 
is perhaps comparable to that obtained m one experiment on a series of dogs 
rendered anuric by mercury bichloride in the study by Hoff, Smith and Winkler 10 

The low initial concentration of potassium in the serum in case 31 is of especial 
interest This patient, a physician, had been vomiting frequently for several weeks 
before his admission, and he himself suggested the possibility of an intrinsic gastric 
lesion No such lesion was present The low intake of food and loss of potassium 
m the vomitus probably played an important role in his having a subnormal concen- 
tration of serum potassium, 12 8 mg per hundred cubic centimeters, for at that time 
his renal function was not markedly disturbed With the subsequent rapid develop- 
ment of oliguria and severe renal insufficiency due to arterial thrombosis in the 
kidneys, the concentration of urea in the blood rose to 390 mg and the serum 
potassium to a normal concentration, of 17 9 mg 18 Snapper 19 reported a similar 
low concentration of serum potassium m a case of acute mercury poisoning with 
renal insufficiency 

A decided improvement in renal function took place m a single instance in the 
present series (case 10) while the patient was under observation The improve- 
ment m renal excretion was accompanied with a distinct decrease m the concentra- 
tion of serum potassium from an abnormally high (27 3 mg ) to a normal level 
(20 4 mg ) 20 Scholtz reported a similar experience in 1 of his cases of secondary 
contracted kidney Since this sequence of events occurred m our case 10 and m 
that of Scholtz, m both of which chronic diffuse nephritis was present, it seems 
reasonable to suppose that it may happen more frequently m the receding phase of 
severe acute renal insufficiency A somewhat different result occurred m case 21 
Some improvement m renal function, as indicated by a decrease of 60 mg in the 
concentration of blood urea, was accompanied not by a decrease but by a slight 
increase m serum potassium 

18 Rosenberg, E F , Keith, N M , and Wagener, H P Diffuse Arterial Disease with 
Hypertension Two Unusual Cases of Contrasting Types, Arch Int Med 62 461-481 (Sept ) 
1938 

19 Snapper, I Chinese Lessons to Western Medicine, New York, Interscience Publishers, 
Inc, 1941 

20 Treatment during this period m case 10 consisted of ingestion of a diet containing 
approximately 2,000 calories, 60 Gm of protein and 3 to 5 Gm of sodium chloride The 
intake of fluid averaged 2,000 to 3,000 cc , 1,000 cc of this daily intake of fluid often was 
injected intravenously and contained 100 Gm of dextrose or 9 Gm of sodium chloride, or 
both substances in these amounts After these therapeutic measures polyuria, improvement in 
renal function and a decrease in serum potassium took place Similar treatment was carried 
out in many other cases of this series without demonstrable effect on the concentration of 
potassium in the blood serum In addition, blood was transfused to several of our patients 
In case 15, in which severe uremia was present, blood was transfused on the third hospital 
day Estimation of the potassium content of the serum next morning revealed a high value, 
of 27 8 mg per hundred cubic centimeters Four days later it had increased to 40 9 mg We 
do not think that the transfused blood had a causal relation to the increase in serum potassium, 
because in a subsequent case the values for serum potassium before and after transfusion 
of blood were identical In neither this patient’s case (case 15) nor in others did we make 
a systematic study of the effect of transfusion on the constituents of the blood Our available 
data failed to reveal any constant change m the potassium content of serum due to the 
transfusion of blood 
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Rapid lenal failme with oliguna occuned in cases 30, 32 and 33, m which the 
renal pathologic piocess proved to be eithei a subacute or a congestive state In 
cases 32 and 33 the concentration of potassium in the seium was distinctly increased 
to 34 2 and 27 1 mg in 100 cc respectively and renal failure w'as due to congestion 
of the kidneys Tw^o previous groups of obseiveis have made similar observations, 
that is, the concentration of potassium m the serum may become distinctly increased 
in patients who aie suffering from myocaidial decompensation with congestion of 
the kidneys In 1922 Olmei, Payan and Berliner 10 reported on 3 such patients 
Later, in 1932, Scholtz 17 especially mentioned 3 similar cases and commented on the 
absence of a renal pathologic process other than the passne congestion In case 30 
(tables 2 and 3), howe\ei, lapid icnal failuic and ohguna did develop, but a high 
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Fig 6 — Electrocardiograms made in case 15, in which fatal uremia with pericarditis 
developed and in which the \alue for serum potassium was high, compared with the electro- 
cardiogram of a dog poisoned by potassium chloride At the time the first tracing w r as made 
pericarditis was present, but it had no characteristic l eprescntation in the electrocardiogram 
The changes in the T waves m the second tracing, particularly in the fouith lead, are similar 
to those which we have obtained after the administration of potassium to man The last 
tracing, without P waves and with an intraventricular conduction defect, is most unusual, 
and we were impressed by its similarity to the tracings published by Hoff, Smith and Winkler 10 
in their report on experimental intoxication with potassium (p 608) Above the second and 
third tracings made in our case are given the potassium content of the serum in milhequivalents, 
as also noted, below, in the tlnee tracings of the dog 


16 Olmer, D , Payan, L , and Berthier, J Le potassium du serum sanguin dans 1’insuf- 
fisance renale, Compt rend Soc de biol 87 867-869 (Sept 15) 1922 

17 Scholtz, H G Ueber den Calcium- und Kaliumgehalt im Blutserum und die Ultra- 
filtierbarkeit dieser Minerale bem Niereninsuffizienz, Deutsches Arch f klin Med 172 4/~-4b-, 
1932 
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(not included in this series) who had a similar type of chronic glomeiulonephntis 
and a similar giade of lenal insufficiency was given 5 Gm of potassium bicarbonate 
by mouth within ninety minutes the concentration of potassium increased from a 
conti ol level of 26 7 mg to 371 mg In both these patients the tolerance for 
potassium was distinctly reduced Zwemer and Truszkowski 2G observed m Addi- 
son’s disease a similar reduction in the tolerance for potassium The effect of the 
administration of a potassium salt by vein was observed m a single patient (case 6 
m table 4) In this patient on the morning of the seventeenth hospital day, the 
concentration of ui ea m the blood was increased to 336 mg , whereas the value for 
potassium m the seium was noimal, or 18 9 mg During the evening of the 
eighteenth hospital day the patient received 900 cc of an 0 8 per cent solution of 
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Fig 7 (case 11) — Variations in the concentration of urea and creatinine in whole blood and 
of chloride and carbon dioxide-combining power in plasma Intake of fluid, including solutions 
injected intravenously, and output of urine are shown 


potassium chloride (7 2 Gm of potassium chloride) intravenously On the morning 
of the twentieth day, thirty-six hours after the injection, the value for potassium in 
the serum was 22 4 mg per hundred cubic centimeters Thus, we found that the 
intravenous administration of a considerable amount of potassium chloride to a 
patient who has serious renal insufficiency does not necessarily lead to a sustained 
high level of the potassium in the serum 

Comparative Chemical Observations m the Blood and Urine — Quantitative 
estimations were made of certain constituents in the urme and blood m case 11 

26 Zwemer, R L, and Truszkowski, R Factors Affecting Human Potassium Tolerance, 
Proc Soc Exper Biol & Med 35 424-426 (Dec ) 1936 
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Rabmowitch has bnefly discussed the potassium sodium latio m seium from 
patients with caidioienal disease The mean normal latio as lecorded by Macal- 
lum 21 is 0 0611 Rabmowilch found an elevation to moie than 0 0700 in only 5 
of 14 cases, m all of which the blood utea nitrogen was moie than 90 mg per 
hundied cubic centimeteis (a blood urea concentration of more than 190 mg ) The 
latio was calculated in 26 cases m our series Normal ratios 22 were present at 
some time in 11 cases, and inci eased latios were obsened in 18 It is apparent 
that there was a tendency toward increased potassium sodium latios m many of 
oui cases, but there aie definite exceptions when indiudual cases aie considered It 
should also be pointed out that the normal latio was found in cases in which there 
was a normal concentration of potassium in the serum and the increased ratio was 
found in those in which theie was an abnormally high concentration of potassium in 
the seium Therefoie this latio appears to vaiy dnectly according to the con- 
centration of potassium present 

The ingestion of a potassium salt may cause a distinct temporary wet case in 
serum potassium, both in the nonnal and in the sick person, as previously noted by 
’ t Thomson, 23 Keith and Bingcr 21 and others 25 Such was the succession of events 
Sn cases 27, 28 and 29 (table 4) The ingestion of 15 Gm of potassium nitrate (case 
32) four days before the high conccntiation of potassium was observed in the 
serum probably played a very minor role m causing an increase to 34 2 mg per 
hundred cubic centimeters (table 4) A brief summaiy of the history and course in 
the hospital in case 28 follows 

A man 45 years old was admitted to the clinic on Sept 28, 1933, complaining of swelling 
of the feet, scrotum, abdomen and face He said the condition had been present for four 
weeks For six years he had noted intermittent nausea and -vomiting within two hours after 
eating but had had no pain He had noted occasional headache and increased fatigue, and 
for the four weeks preceding admission there had been increasing edema, decreased urinarj 
output and albuminuria Vision w'as normal Physical examination revealed edema, grade 3, 
of the feet, legs and scrotum, suggestive early ascites and a pufTv appearance of the face 
Urinalysis disclosed a specific gravity of 1007 to 1013, albuminuria of grade 1 to 2, pjuria 
of grade 1 to 2, no sugar, no erythrocjtcs and no casts Thoracentesis on the right side v'as 
necessary on two occasions, and abdominal paracentesis was necessary on six occasions The 
patient was dismissed on March 19, 1934 (one hundred and seventy-first hospital da>) 

Studies of potassium in this case showed that during the eleven day interval between 
the determinations of values of serum potassium 22 6 and 33 1 mg per hundred cubic centi- 
meters the patient received a total of 46 Gm of potassium nitrate Duung the thirty 
day interval between the determinations of serum potassium concentrations of 33 1 and 23 1 
mg the patient received a total of 66 Gm of potassium nitrate, of which onlv 12 Gm was given 
m the twenty days immediately preceding determination of the value of 23 1 mg 

The mciease of potassium in the serum in case 27 w r as particulaily striking 
Ninety minutes after the ingestion of 5 Gm of potassium bicaibonate the concen- 
tration in the serum mci eased to 37 3 mg from a previous level of 31 mg per 
hundred cubic centimeters We have since observed that w r hen a young woman 

21 Macallum, A B The Ancient Factors in the Relations Bctw'cen Blood Plasma and 
the Kidneys, Tr Coll Physicians, Philadelphia 39 286-299, 1 917 

22 The normal range was calculated by taking the quotients resulting from dividing the 
minimal and maximal normal serum potassium values by the maximal and minimal normal 
serum sodium values respectively, for example, 17 divided by 359 = 0 047 and 213 by 
315 = 0 068 

' -*23 Thomson, WAR The Effect of Potassium on the Heart m Man, Brit Heart J 1 

269-282 (Oct ) 1939 _ , _ . ,, . 

v 24 Keith, N M , and Bmger, M W Diuretic Action of Potassium Salts, JAMA 

105 1584-1590 (Nov 16) 1935 , , . , , _ _ 

^,25 Scudder, J Shock Blood Studies as a Guide to Therapy, Philadelphia, J B 

Lippmcott Company, 1940 
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the concentiation of potassium m the serum 21, 18 7 and 22 2 mg In 1921 
Kiamei and Tisdall in the original descnption of their micromethod for determining 
potassium in the seium repoited increases m the concentration of potassium in 
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* Estimated by subtracting the nonprotein nitrogen from the total nitrogen and multiplying the result 
bj 0 25 The nonprotein nitrogen nas estimated after precipitating the protein with Polin’s tungstic acid 
reagent 

t Single catheterized specimen only, incomplete twenty four hour collection 

j The patient was discharged on the twenty fifth hospital day, and death occurred nt his home si\ days 
later 


Table 6 — Coinpauson of the Concentiation of Ceitam Constituents of Blood and Urine 
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the serum of childien who had various infectious diseases and associated fever 
Zwemer, Sims and Coggeshall 27 also observed an increase in the value of serum 
potassium during the period of chills and fever m patients suffering from malana 
In case 7 (table 6) simultaneous determinations of the concentration of 
potassium m the blood serum and urine weie made on two occasions On the 

27 Zwemer, R L , Sims, E A H , and Coggeshall, L T Plasma Potassium Level During 
Malaria Infection m Monkeys and Alan, Am J Trop Afed 20 687-701 (Sept ) 1940 
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These data affoided us a unique opportunity to compaie, foi example, the concen- 
trations of urea and cieatinme in whole blood and potassium m blood serum with 
the concentrations of these substances in the mine (figs 7 and 8, tables 5 and 6) 
On the fourteenth day of observation in the hospital blood was withdrawn fiom a 
vein in the arm and mine was obtained fiom the bladdei by cathetei a few minutes 
later The concenti ations of mea and cieatinme m the urine were approximately 
twice those in the blood, wheieas the values for potassium were almost identical 
17 mg pei hundied cubic centimeters in the urine and 21 mg in the blood seium 
This observation m legal d to potassium suggested a process of icnal filtration On 
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Fig 8 (case 11) — Variations in the concentration of certain electro!} tes, protein and 
albumin in the serum Grade of edema and results of routine urinalysis are depicted 


the other hand, similar data obtained from the twentieth to the twenty-fourth day 
offered evidence that this same diseased kidney could a few days later concentrate 
the potassium m the serum several times and thus readily bring about excietion 
of it During the latter period there was an increased formation and renal excretion 
of urea, creatinine, sulfate and potassium, most probably due to breakdown of 
protein, sm.ee pulmonary edema developed at this time and the patient’s temperature 
increased to 102 F (38 8 C ) However, the concentration and output of potassium 
m the urme increased relatively to a greater degree than those of the other three 
urinary constituents It is of interest that this rather striking increase in the 
excretion of potassium by the kidney was accompanied by only slight changes m 
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were veiy noticeable (fig 9, case 7) Almost identical obseivations m legal d to 
the excietion of potassium were obtained in the study of case 26 In this case 
even when the concentiation of potassium in the serum leached 31 7 mg the con- 
centration m the urine was 207 mg , or six times greater than that m the sei um 
(fig 4, twenty-second day) 

The continued functional ability of a seriously damaged kidney to excrete and 
concentiate potassium and uiea is of further mtei est m view of some results which 
we obtained in the study of the blood and urine of 3 patients, not included m the 
piesent series, who had uremia and who died within two and a half to thirty hours 
after specimens of blood and urine were withdrawn simultaneously for determi- 
nations of urea Blood was withdrawn by needle from a vein in the elbow, and 
urine was secured by catheter from the bladder The concentrations of urea m 
the blood plasma weie 369, 519 and 627 mg per hundred cubic centimeters, and 
the corresponding concentrations m the urine were 626, 785, and 952 mg These 
observations concerning urea and those noted previously concerning potassium 
reveal that even at the very termination in a case of chronic diffuse nephritis the 
renal parenchyma may be capable of concentrating the urea and potassium of the 
circulating plasma 

Comparison of the Clearance by the Kidney of Potassium and of Urea — Our 
experience in cases 11 and 7 m regard to the excretion of potassium by the kidney 
led us to determine the actual clearance of the blood serum of potassium into the 
urine and to compare its clearance with that of urea during a short period, of approxi- 
mately one hour 28 The clearances were determined in the early morning before 
breakfast The results observed m ten clearance periods, m 8 of our cases, are listed 
in table 7 The most striking result is that urea clearance was markedly reduced in 
•every case, whereas clearance of potassium was reduced below the minimal normal 
value in only 2 instances (cases 10 and 19) In case 19 renal dysfunction was pio- 
nounced and the concentration of potassium m the urine was the lowest observed 
m the cases in which studies of clearance were made, in fact, the concentration of 
potassium was approximately isotonic with that m the serum A similar obsei- 
vation was made m case 11 on the fourteenth hospital day (tables 5 and 6) In 
the second instance of decreased potassium clearance (case 10) the clearance was 
reduced to 5 cc , the minimal normal value being 6 cc However, when the test was 
repeated seven days later, the clearance had increased to 7 cc Thus, in only a 
single instance (case 19) was the clearance of potassium found to be distinctly 
less than normal, this result most likely is to be explained by the histopathologic 
•changes observed in this case There was maiked destruction of the renal 
parenchyma (fig 10) It was pointed out previously that the oral ingestion of 
5 Gm of potassium bicarbonate m case 27 had led to a rapid increase m the 

28 Since pus cells frequently were present in the urinary sediment in our cases, and 
since these cells contain intracellular potassium, the question arose as to whether the presence 
of such cells in the urine augmented the actual quantity of potassium excreted by the kidneys 
The urine was especially examined in 5 cases with regard to this point In case 9 the con- 
centration of potassium in the urine was very low, yet the sediment contained large numbers of 
leukocytes In case 27 clearance was estimated twice, in one specimen of urine there were 
no leukocytes , m the other 20 to 50 cells to a field were found with the high power lens 
Yet the concentrations of potassium in the two specimens were practically identical We then 
analyzed a sample of well shaken urine and also a sample of the same urine obtained from 
the upper portion of the tube after rapid centrifuging for several minutes The concentration of 
potassium was the same in the two samples The results of this experiment, carried out on 
airine from 5 patients, were similar There were never more than a few erythrocytes in the 
sediment, so their presence would not have altered the concentration of potassium The 
foregoing evidence is convincing that the concentration of potassium in the urine was not 
increased by the presence of leukocytes 
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twenty-thud hospital day a specimen of mine (260 cc obtained b\ cathetei) 
contained 150 mg of potassium per hundred cubic centimeters, wheieas the value 
■for potassium in the seium was 25 4 mg Smnlai obsei\ations weie made on the 
forty-fifth hospital da\ (table 6), or two wrecks befoie the patient died Ihese 



Fig 9 (case 7) — Sections of kidney (hematoxylin and eosin, a, X 100 , b, X 320) Pro- 
nounced arteriosclerosis and arteriolosclerosis, atrophy and dilatation of tubules and hyahniza- 
tion of some glomeruli, whereas others appear only slightly injured There is an mciease in 
interstitial connective tissue 

results indicate that the kidneys of this patient were able to excrete potassium m 
the urine at a concentration six times that of the blood serum However, this 
patient died thirteen days later, and chronic histopathologic changes m the kidney 
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administeied 5 to 10 Gm of potassium chloride daily to their patient foi eight 
days Dui mg this penod they demonstrated that considerable retention of potas- 
sium occuried No estimations of the concentiation of potassium in the serum of 
this patient oi m that of Blumenfeldt’s patient were recorded by the investigators 
m question Theiefoie, the question as to whether or not such a degree of retention 



Fig 10 (case 19) — Sections of kidney (hematoxylin and eosin , a, X 50 , b, X 150) The 
patient died at home thirty-two days after dismissal from the hospital No normal glomeruli 
are seen, most of them have been transformed into hyalimzed masses of connective tissue Some 
of the glomeruli have undergone necrosis, others leveal cellular proliferation Many of the 
tubules are dilated and filled with debris, many are atrophied or undergoing necrosis The 
arteries and arterioles are greatly thickened, some of them to the point of occlusion 

of potassium could lead to a distinct sustained mciease of potassium in the serum 
was left unansweied 
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concentiation of serum potassium fiom a previous high level Clearance of potas- 
sium and uiea was detei mined at this time, and it will be noted that the cleaiance 
of both was reduced when compared with the clearance obtained during a control 
period thiee days befoie This result might have been due to a reduction in the 
volume of mine, but it does suggest the possibility that the ingestion of 5 Gm of 
potassium bicarbonate had pioduccd a temporary toxic effect on the kidneys of 
this patient 

Oui lesults, theiefoie, m study of the clearances of potassium in se\ere chronic 
renal insufficiency compaie closel} w ith those of Winkler, Iloff and Smith 20 These 
obseiveis pointed out that the picsencc ot a normal fasting cleaiance of potassium 
in a patient who has seveie chiomc nephritis suggests that kidneys so affected can 
exciete the basal daily amount of potassium lesulling fiom tissue catabolism 
However, when an extia amount of potassium must of necessity be excreted, these 
diseased kidneys exciete it more slowly than noimal ones, and if this extra load 
continues there will be a slow accumulation of potassium within the body, so that 

Table 7 — Cleaiance of Potassium and Urea w Seveie Chrome Renal Insufficiency 
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actual retention will take place The results of Winkler, Hoff and Smith, 20 who 
gave extra potassium to several patients with nephritis, are m harmony with this 
viewpoint Previous support for the occurrence of such a series of events v'as 
given in 1913 by Blumenfeldt, 30 who found that potassium w r as being distinctly 
retained in a patient who had caidiac edema and chronic diffuse neplmtis How- 
evei, m 1935 MacKay and Butlei carried out a detailed metabolic study of a patient 
who had terminal chronic glomerulonephritis, and m whom edema was limited to 
the region of the ankles 31 In addition to a known diet, these investigators 


29 Winkler, A W , Hoff, Ii E , and Smith, P K Th ® Toxiaty of Oi ally Administered 

Potassium Salts in Renal Insufficiency, J Clin Investigation 20 119-1 ( arc i) 

30 Blumenfeldt, E Beitrage zur ICahausscheidung unter normalen und pathologischen 

Verhaltmssen, Ztschr f exper Path u Therap 12 523-5-8 (Feb _ ' , . 

31 (a) MacKay, E M , and Butler, A M Studies of Sodium and Potassium Metabolism 

The Effect of Potassium on the Sodium and Water Balances in Normal Subjects and Patients 
with Bright’s Disease, J Clin Investigation 14 923-939 (Nov ) 1935 (&) Van Slyke, D D 

Stillman, E , Moller, E , Ehrich, W , McIntosh, J F , Leiter, L , MacKay, E M , Hannon 
R R , Moore, N S , and Johnston, C Observations on the Courses of Different Types of 
Bright’s Disease, and on the Resultant Changes in Renal Anatomy, e 1C ( P ) 

1930 
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ingested, the mentality rate among these rats reached 50 per cent Estimations of 
the concenti ation of potassium m the serum of the rats which had been fed potas- 
sium weie not made by these investigators, but it naturally may be presumed that 
it was elevated 

Expei iments m the laboiatoiy reveal that bilateral nephrectomy, bilateral 
ligation of the ureteis, bilateial exposure to roentgen rays and acute nephritis 
produced by uranium and meicury bichloride lead to an abnoimal increase in 
seium potassium, or, m other words, to retention of potassium m the blood seium 
Similai leactions aie to be expected m acute expei imental congestion of the 
kidneys Thus, theie is ample expei imental evidence that potassium may be 
abnormally ietained in the blood stream by acutely decompensated kidneys This 
fact leads to considei ation of the toxicity of potassium salts when given to animals 
which have so-called uianium nephritis Smilhe zi m 1915 reported results of 
such expei iments in rabbits and noted that sudden death frequently occurred He 
attributed these fatalities to the rapid retention of potassium in the blood and its 
subsequent toxic action on the heart, but he did not actually estimate the concen- 
ti ation of potassium in the blood In this connection the results of experiments 
by Beigman and Drury 35 m bilateial nephrectomized rats appear to be important 
They found that the ingestion of ash containing a considerable a mount of potassium 
decidedly reduced the survival period when it w r as compared with the survival 
period of control animals Hoff and his co-workeis also showed that when a 
potassium salt was given to a dog which had anuria due to either bilateral 
nephrectom) or ligation of the uretei s, the survival period was decreased Hoff and 
his associates fuither revealed by means of electrocardiographic studies that death 
among these anunc animals was due to a great increase in the concenti ation of 
potassium in the blood plasma, which finally caused cardiac failure To date the 
evidence of retention of potassium in cases of seveie acute clinical renal damage is 
meagei In Darrow’s case in wdnch a child had acute glomerulonephritis (leported 
by Hoff and associates) the value for potassium m the serum w^as high Beall, 
B)wvaters, Belsey and Miles 3G also found that the value for potassium in the serum 
wa* very high in a case, complicated by renal failure, after injury to a leg had 
been inflicted by crushing Both these observations are of interest m this con- 
nection Therefoie, cases of acute renal insufficiency, including cases of acute 
glomei ulonephritis and the toxic nephritides, such as acute intoxication with 
mercury bichloride or with bismuth, offer a unique opportunity for further study 
of the potassium problem m relation to lenal disease Future investigation m 
cases m which the condition is acute should include frequent estimations of the 
concentration of potassium m the serum and simultaneous electiocardiogiaphic 
tracings Our observations m case 15 during the terminal phase of chronic renal 
disease indicate that the electrocardiogram may reveal alterations very suggestive 
of intoxication with potassium 

In contrast to the probable toxic effects of a potassium salt m patients who have 
severe renal failure is the well lecognized clinical experience of many obseivers 
that large doses of such a salt may be ingested by patients suffering from chronic 
nephritis with edema without noticeable harmful results, this w r as the expei lence 

34 Smilhe, W G Potassium Poisoning in Nephntis, Arch Int Mecl 16 330-339 (Aug) 
1915 

35 Bergman, H C , and Drury, D R A Study of Acute Renal Insufficiency, J Chn 
Investigation 18 777-781 (Nov ) 1939 

36 Beall, D , Bywaters, E G L , Belsey, R H R, and Miles, J A R A Case of 
Crush Injury with Renal Failure, Brit M J I 432-434 (March -2) 1941 
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COMMENT 

It seems cleai that potassium metabolism may be distui bed in the piesence 
of renal disease Howevei, at piesent this distui bailee of potassium metabolism 
cannot be as leadily demonstiated as can that of some other substances actively 
excieted by the kidney The obseuations of previous investigators and the results 
of the piesent study agree in 1 dealing that a single estimation of the concenti ation 
of serum potassium m the piesence of seveic renal insufficiency may gne a result 
that is normal, increased 01 deci eased But when several estimations aie made of 
the serum of the same patient duiing the couise of renal insufficiency, as was done 
on the serum of many of oui patients, it is ewdent that at some time the content 
of potassium in the serum ma) become abnormally high In such an instance, 
again, any factoi that deci eases the intake 01 disturbs the output of potassium, 
such as anorexia, counting 32 or diairhea, may lower its concenti ation in the blood 
serum Othei factoi s that peihaps pie\ent a steadily increasing retention of 
potassium in the blood b) severely damaged kidneys arc the rclatnely good fasting 
unnaiy cleai ance of potassium and the dc\elopment of polyuna The increased 
output of watei in the presence of clnonic lenal disease may permit the excretion 
of potassium at a low late, but in total amounts which are netcrtheless sufficient 
in t\\enty-foui houis to keep the concenti ation in the seium from increasing to 
abnoimal let els 

A review of the obsenations of others on icnal disease and the results in this 
senes of cases indicate that high values foi potassium in the serum are more usually 
obtained when rapid lenal failuie occuis The closei renal insufficiency is to total 
loss of renal function, the moie likely it seems that the excretion of potassium 
is disturbed Such rapid renal failure may take place in acute, subacute and 
congestive renal disease, it also ma\ occur in clnonic neplnitis, especially during 
an acute exaceibation 01 in the terminal phase Indeed, an abnormally high value 
for potassium in the serum may possibly indicate that an acute phase is present 
duiing the couise of chronic renal disease 

Pievious obseivers have stiessed the presence of maiked ohguiia or anuria 
when the concentration of potassium in the seium increases We hate had a 
similar experience but hare also observed in the serum of seteial patients an 
increase m serum potassium to between 30 and 40 mg pei bundled cubic centi- 
meters at the same time that a consideiable volume of unne was being excreted. 
This observation supports the viewpoint that in the piesence of seveie renal insuf- 
ficiency, when the output of watei is ample, there may' be at a given time a greater 
disturbance m the excietion of a single substance (in this instance potassium) than 
m the excietion of others 

The occurience of a high value foi potassium m the serum of human beings 
who have congestion of the kidneys and oliguria seems to be of senous import 
and indicative of the lenal retention of potassium In this connection the lesults 
of Addis and Lew 33 in expei nnental studies seem to be significant They have 
shown that congestion of the kidney's of the rat pioduced by ligation of the inferior 
vena cava above the renal veins gives rise to oliguria and severe acute renal insu - 
ficiency With the lapid establishment of collateial venous circulation, however, 
the renal congestion soon disappears, and within seven day's noimal lenal function 
is restored If before and during the acute congestive phase a potassium salt v'as 

32 Falconer, M A , Osterberg, A E , and Bargen, J A Intestinal Obstruction in Man 
Alterations in the Serum Bases and Their Significance, Arch Surg 38 869-885 (May; 

33 Addis, T, and Lew, W Diet and Death in Acute Uremia, J Clin Investigation 
18 773-775 (Nov) 1939 
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volume of distribution of potassium thioughout the body had become less because 
of dehydi ation ? 41 

Since ionic equihbiium is known to be influenced by certain hormones of the 
glands of internal secietion, and particularly by compounds elaboiated by the 
adienal cortex, it seemed important to evaluate any possible relationship that might 
obtain between the ionic pattern of the serum m renal insufficiency and alterations 
m the adienal bodies In the presence of severe chronic renal insufficiency the 
content of potassium in the seium may be abnormally elevated and that of sodium 
reduced, a pattern similar to that seen in cases of adrenal insufficiency We there- 
fore examined carefully the adrenal bodies of 13 persons who had come to neciopsy, 
and, as stated eailier in this paper, we weie unable to find any gross or unmis- 
takable histologic evidence of adrenal abnormality Of course, negative results of 
histologic study do not rule out a possible functional alteration m these bodies 
In ceitam cases in which the condition belongs to the so-called Cushing syndrome, 
changes occui m electrolytic metabolism, including an abnormally low concenti ation 
of potassium m the seium This has been noted by McQuarrie, Johnson and 
Ziegler 42 and b) Willson, Power and Kepler 43 In none of the cases in this series 
did the clinical observations suggest such a syndrome, and the characteristic lesions 
m the adrenal cortex sometimes found in such cases were absent In the 13 cases 
m which pathologic studies were carried out, however, changes m the pituitary 
body could not be excluded because this body was not examined by the pathologist 
The evidence at hand from this study theiefoie does not support the viewpoint 
that the disturbances in potassium metabolism encountered were due to endocrine 
dysfunction 

The actual excretion and retention of diffeient inorganic ions by the kidney 
is of great physiologic interest Study of the individual excretion of these ions has 
been greatly stimulated by the development of accurate microchemical methods 
For example, it is known that inorganic sulfates are readily excreted, but in a 
manner different from that m which chlorides are excreted The chlorides, together 
with sodium, may be noticeably retained by the kidney, especially when the intake 
of these ions is small The renal clearance of potassium in the starving nonnal 
person is remarkably small, being approximately 10 to 12 per cent of that of muhn 
Since muhn is considered to be excreted by the kidney entirely by a process of 
glomerular filtration and since the potassium ion is also thought to be filtered 
readily by the glomeruli, the small clearance of potassium suggests that a relatively 
large percentage of that filtered by the glomeruli is reabsorbed by the tubules 
Such a cycle of filtration and reabsorption within the kidney is analogous to the 
excretion of potassium into the stomach and its reabsorption into the blood from 
the large bowel 44 We have obtained, however, some interesting results among 
normal persons in whom dehydration occurred after the ingestion of large doses of 
a potassium salt The cleaiance of muhn decreased and that of potassium increased, 


41 Winkler, A W , and Smith, P IC The Apparent Volume of Distribution of Potassium 
Injected Intravenously, J Biol Chem 124 589-598 (Aug ) 1938 Winkler, A AV , HolT, H E, 
and Smith, P K Toxicity of Potassium in Adrenalectomized Dogs, Am J Physiol 133 494- 

495 (June) 1941 

42 McQuarrie, I , Johnson, R M , and Ziegler, M R Plasma Electrolyte Disturbance m 
Patient with Hypercorticoadrenal Syndrome Contrasted with That Found in Addison s Disease, 

Endocrinology 21 762-772 (Nov) 1937 ... . , T 

43 Willson D M , Power, M H , and Kepler, E J Alkalosis and Low Plasma 
Potassium in a Case of Cushing’s Syndrome A Metabolic Study, J Clin Imestigation 

19 701-707 (Sept ) 1940 , , _ 

44 Fenn, W O The Role of Potassium in Physiological Processes, Physiol Re\ 20 : 

377-415 (July) 1940 
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of Wilks and Tayloi 37 m 1863 oui expeiicnce in 1935 21 and in 2 cases of the 
piesent senes and also that of Winklei, Hoft and Smith- 0 duiing the past jear 
(1941) The actual doses that have pioduccd toxic effects on the kidne> in 2 
nonnal men under oui caie weie vcxy much laiger than those prescribed in clinical 
medicine 30 This also applies to expenments conducted on 3 nonnal men m whom 
dehydiation as well as i educed icnal function lesulted fiom the ingestion of large 
doses of a potassium salt 300 There aie, no doubt, patients who hate clnonic 
nephritis tvith moderate letention of urea and an increased concentration of potas- 
sium in the seium, similar to that m our cases 24, 26 and 27, to whom it may be 
dangerous to admmistei moderate doses of a potassium salt, but they are probabh 
few' We had previously cautioned against the administration of potassium salts 
to patients who have nephiitic edema and a concentration of urea in the blood of 
more than 100 mg per hundred cubic centimeters That some of these patients 
may have a lessened tolciance foi potassium and e\en an increased talue for potas- 
sium in the serum lends suppoit to such a pi (.caution It seems clear, theiefoie 
that a peisistently high value foi potassium in the serum is of senous prognostic 


import in any case of renal disease Its picscncc m nephritic patients during an 
acute phase, in patients who hate subacute or chronic processes associated with 
edema oi in patients suffering from cardiac disease with severe passive congestion 
should forbid any sort of diuretic therapy which includes the administration of a 
potassium salt, an acid-pioducing salt or an organic mercury compound In such 
cases the use of any of these substances maj lead to senous complications 

In addition to renal msufficienct , alterations in metabolism may cause an 
abnormal mciease in potassium m the seium, for example, when inci eased 
catabolism occurs, as in fasting or w'licn fc\er is present In these conditions, the 
bieakdow'n of tissue piotein is accelerated, and an increased amount of potassium 
is thus liberated from tissue cells and passes into the cn dilation to cause an mciease 
in the concentration of potassium A single report by Gamble, Ross and Tisdall 10 
concerning a fasting child discloses a high nonnal talue for seium potassium, 
w'hich deci eased aftei the child had resumed the ingestion of a carbohydiate diet 
In the piesence of fetei a series of events similar to those in fasting probably 


occui s, and such an explanation seems to be the most satisfactory one foi our 
observations in case 11 of the piesent scries Dehydiation also may play a role 
m causing an increase in potassium in the seium In 1935 Keith and Binger -4 
leported some interesting results of experiments conducted on 3 nonnal persons 
and a patient who had chronic polyserositis, in which dehydiation appaiently 
developed To each of these peisons w'as given a diet low' in both mineial salts and 
w'atei and also extia potassium, 50 to 80 mg pei kilogram of bod) weight, daily foi 
several days In the seium of each peison an increase occui led in the concen- 
tiation of potassium to 33 to 40 mg per hundred cubic centimeters without obvious 
retention of potassium by the kidneys Is it possible that in these peisons the 


37 Wilks, and Taylor, A S Case in Which Large Quantity of Nl trate of Potash Was 
Taken Medicinally Elimination of the Salt bv the Urine, Guy’s Hosp Rep D ’ 1 J 


38 Footnote deleted on proof 

39 (a) Keith, N M , Osterberg, A E , and Burchcll, H B Some Effects of Potassium 

Salts in Man, J Pharmacol & Exper Therap 72 22-23 (May) 1941, Some s 0 

Potassium Salts in Man, Ann Int Med 16 879-892 (May) 1942 (b) Keith, N M , and Oster- 
berg, A E The Excretion of Potassium by the Kidney, Am J Physiol " 1 

1940 (c) Keith, N M , Osterberg, A E , and King, H E The ^gebonof Potassium bv 
the Normal and Diseased Kidney, Tr A Am Physicians 55 41 , 

40 Gamble, J L , Ross, G S , and Tisdall, F F The Metabolism of Fixed Base Duiing 

Fasting, J Biol Chem 57 633-695 (Oct ) 1923 
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METHODS OF CHEMICAL ANALYSIS EMPLOYED IN THE PRESENT STUDY 

WHOLE BLOOD 

Hemoglobin — Sanfoid, A H , Sheard, C, and Osterberg, A E The Photelometer 
and Its Use xn the Clinical Laboratory, Am J Clin Path 3 405-420 (Nov ) 1933 

Uica — Van Slyke, D D, and Cullen, G E A Permanent Preparation of Urease, and 
Its Use in the Determination of Urea, J Biol Chem 19 211-228, 1914 

Cieattntne — Fohn, O Laboratory Manual of Biologic Chemistry, ed 3, New York, 
D Appleton and Company, 1922, pp 149, 245 and 247 

PLASMA 

Chloude — Osterberg, A E, and Schmidt, E V The Estimation of Plasma Chloudes, 
J Lab & Clin Med 13 172-175 (Nov ) 1927 

Caibon Dioxide-Combining Powet — Van Slyke, D D, and Cullen, G E Studies of 
Acidosis I Bicarbonate Concentration of the Blood Plasma, Its Significance and Its 
Determination as a Measure of Acidosis, J Biol Chem 30 289-346, 1917 

Cholestei ol — Bloor, W R The Deteimmation of Cholesterol in the Blood, J Biol Chem 
24 227-231, 1916 

SERUM 

Total Piotcms — Macro-Kjeldahl techmc of estimation of total nitrogen and total protein, 
calculated after subtracting nonprotem nitrogen as estimated by the micro-Kjeldahl method 
Albumin and Globulin Fi actions — Howe, P E The Determination of Proteins in Blood 
A Micro Method, J Biol Chem 49 109-113 (Nov ) 1921 Kingsley, G R A Rapid Method 
for Separation of Serum Albumin and Globulin, ibid 133 731-735 (May) 1940 

Potassium — Kramer, B , and Tisdall, F F A Clinical Method for the Quantitative 
Determination of Potassium in Small amounts of Serum, J Biol Chem 46 339-349 (.April) 
1921 

This method in our hands has checked with giavimetric proceduies The pi ecipitation by 
sodium cobaltmitrite was allowed to proceed for forty-five minutes at ice box tempeiature in 
order to obtain a good, granular precipitate If this and other steps are rigorously adhered to, 
the method is satisfactory Potassium in mine was estimated after ashing by this method 

Sodium — Kramer, B , and Gittleman, I An Iodometi ic Method for the Determination of 
Sodium in Small Amounts of Serum, J Biol Chem 62 353-360 (Dec ) 1924 

Calcium —Clark, E P , and Collip, J B A Study of the Tisdall Method foi the 
Determination of Blood Serum Calcium with a Suggested Modification, J Biol Chem 63 
461-464 (March) 1925 

Phosphoi us — Kuttner, T, and Lichtenstein, L Micro Colorimetric Studies II Esti- 
mation of Phosphorus, Molybdic Acid-Stannous Chloride Reagent, J Biol Chem 86 671- 
676 (April) 1930 

Sulfate Power, M H, and Wakefield, EG A Volumetric Benzidine Method for the 

Determination of Inorganic and Ethereal Sulfate in Seium, J Biol Chem 123 665-678 (May) 
1938 

URINE 

Total Nitiogen— Kjeldahl, J Neue Methode zur bestimmung des Stickstoffs in oigam- 
schen Korpern, Ztschr f anal Chem 22 366-382, 1883 

Urea , Ci catimne and Sulfate — Same methods as for estimation in whole blood or serum 

Potassium Same method as for estimation in seium except that urine is ashed before 

precipitation 

Total Piotcms — Macro-Kjeldahl method for estimation of total nitrogen Estimation of non- 
protem nitrogen by macro-IC] eldahl method after precipitating the protein with Folin’s tungstic 
acid reagent method Total proteins calculated after subtracting the nonprotein nitrogen from 
the total nitrogen and multiplying by 6 25 
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so that the potassium inuhn ratio was gi cater than unit), suggesting actual tubular 
secretion of potassium McCance and Widdowson 15 rcpoitcd a similai result in 
a patient who had alkalosis The normal kidney theiefoie appears to play a dual 
lole m the metabolism of potassium in that it possesses ready mechanisms for 
both the excretion of potassium into the urine and the reabsorption and ultimate 
retention of it in the blood stieam The abnoimal letention of uiea and potassium 
in the blood, the excessive excretion of sodium in the mine in the presence of 
adienal insufficiency and the lcmarkable lestoiation to noimal of values for these 
substances when an extract of the adrenal cortex is administeied naturally suggest 
that the adienal cortical hoimone which has to do with the metabolism of water 
and inorganic ions may be an important regulating factor in the noimal renal 
metabolism of potassium Further investigation of this possible relationship 
between lenal and adrenal functions x\ ith regard to potassium might throw light 
on the inti acellular function of potassium in the renal tubules 

The normal kidnej excretes potassium in an oscillating manner The low 
clearance of potassium in fasting states suggests lcgulation to prevent excessive 
loss On the other hand, the rapid increase in its cleaiance after a considerable 
amount of it is ingested indicates regulation to pi event excessive retention This 
regulation of the renal exaction of potassium evidently plays an important lole in 
control of the level of its concentration in the blood seium On the basis of lesults 
of studies, such as the present one, on renal disease w'e ha\e learned that the 
concentiation of potassium m the seium is held within a rather nanow r range The 
highest concentration encountei ed in our sei les of patients w as 41 mg per hundred 
cubic centimeters, or appi oxmiately twice the noimal concentration, and was found 
at a time when marked chronic icnal insufficiency was picscnt The consistent 
ability of senoush damaged kidne)s to keep up a noimal fasting clearance of 
potassium unquestionably is one factor in the pi mention of too gicat an mciease 
m potassium in the serum We know, however, that theic aie also cxtrarenal 
factois, such as delimitation, excessive tissue catabolism and the -volume of distri- 
bution of potassium tluoughout body fluids and tissue cells, which may ha\e a 
similar efiect One obvious leason for both these icgulatoiy mechanisms, lenal 
and extiaienal, is pi mention of the concentiation of potassium m the serum fiom 
rising too high, foi theie is considerable evidence that a concentration of between 
40 to 60 mg per hundred cubic centimeters may be maikedly toxic to the cells of 
many different tissues (up to the piesent tune this can best be demonstiated in 
those of the heait) 

STjMMARV 

Disturbances of potassium excietion aie sometimes difficult to demonstrate m 
the presence of renal disease They occur more frequently than has been suspected 
When severe lenal dysfunction develops in acute oi subacute nephritis, m the 
terminal stage of chronic nephritis or m marked congestion of the kidney, potassium 
is moie slowly excreted into the urine and the concentiation of it in the blood 
serum may increase to twice the noimal value Seveial factors, both renal and 
prerenal, appear to hinder increase in the concentration of potassium m the serum, 
and this curb on such an mciease seems to be more effective in man than in the 
experimental animal When a sustained mciease in seium potassium does occur 
in lenal disease, however, it is of serious prognostic import and should forbid the 
therapeutic use of a potassium salt 

45 McCance, R. A, and Widdowson, E M Alkalosis with Disordered Kidney Functions 
Observations on a Case, Lancet 2 247-249 (July 31) 1937 
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THE NORMAL ADRENAL GLAND 

In only 3 cases included in the series could the adrenal glands be classified as 
noimal These weie cases of sudden death occuinng in previously healthy persons 
The combined adienal weights were 10 05, 9 60 and 8 79 Gm , respectivel) These 
values confonn with those of Kiyokawa, 0 Matema 7 and Kiaus 8 Other authors, on 
the othei hand, including Scheel, 9 Schilf, 10 Jaffe and Sternberg 11 and Dietrich, 12 
have lepoited weights of 11 2, 11 4, 13 5 and 10 to 16 Gm , respectively Matema’s 
figures weie based on findings m 25 cases of sudden death occuinng in young 
previously healthy males Dietrich and Siegmund 13 consideied Materna’s values 
to be correct and concluded that the higher values of other authois were associated 
with prolonged disease This point of view is substantiated in the present series, the 
weight of the vast majonty of the glands averaging between 11 and 13 5 Gm 

The classic histologic description of the adrenal coitex divides it into thiee 
layers zona glomerulosa, zona fasciculata and zona reticularis Sudan imparts 
an orange color to all lipoids, including cholesteiol The normal cortex exhibits a 
typical airangement of sudanoplulic material (fi g , A) The gieatest concentration of 
lipoids is in the outer half of the zona fasciculata, while somewhat less is m the zona 
glomerulosa, and even less is present m the innei half of the zona fasciculata and 
the zona reticularis This lipoid pattern was established by Mulon 11 and Landau 15 
Landau and later Zwemer 1G elaborated Gottschau’s original dynamic concept that 
the cells composing the adienal cortex grow by mitotic division in the outeimost 
layer (glomerulosa) and, dui mg their life cycle, nngiate through the zona 
fasciculata, eventually to die in the zona leticulans On the basis of a histochemical 
technic employing phenylhydrazme and digitonm to demonstrate cortical keto- 
steroids and cholesterol, i espectively, Bennett 17 preferred to call the zona glomeru- 
losa the presecretory layer and subdivided the zona fasciculata into the secreting 
and the postsecretory layer, terming the zona leticulans the senescent layer The 
secreting outer half of the zona fasciculata coi responds to the area of greatest lipoid 
content When these histochemical proceduies aie employed with selected human 
adrenal glands exhibiting various types of lipoid patterns, it is seen that the distribu- 
tion of the lcetosteroids and cholesterol corresponds closely to the intensity of the 

6 Kiyokawa, W Die Nebenmeren bei Tuberkulose, Fiankfurt Ztschr f Path 29 287, 

1923 

7 Materna, A Das Gewicht der Nebenmeren, Zentralbl f allg Path u path Anat 
33 62, 1922 , Das Gewicht der Nebenmeren, Ztschr f Konstitutionslehre 19 1, 1923 

8 Kraus, E J Chronischer Hirndruck, Hypophyse und Nebenmerenrinde, Frankfurt 
Ztschr f Path 52 255, 1938 

9 Scheel, O Ueber Nebenmeren, Virchows Arch f path Anat 192 494, 1918 

10 Schilf, D Die quantitativen Beziehungen der Nebenmeren zum ubrigen Korper, 

Ztschr f Konstitutionslehre 8 507, 1923 

11 Jaffe and Sternberg, cited by Dietrich and Siegmund 13 

12 Dietrich, A , m Henke, F , and Lubarsch, O Drusen mit mnerer Sekretion, m Hand- 
buch der speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1926, \ol 8, 
p 964 

13 Dietrich, A , and Siegmund, H , in Henke, F , and Lubarsch, O Drusen nut innercr 
Sekretion, m Handbuch der speziellen pathologischen Anatomie und Histologie, Berlin, Julius 
Springer, 1926, vol 8 

14 Mulon P Note sur la capsule surrenale du mouton, considerations Iusto-plnsiologiques, 

Bibliog anat 22 30, 1912 _ 

15 Landau, M Die Nebenmerenrinde, Jena, Gusta\ Tischer, 191a 

16 Zwemer, R L A Study of Adrenal Cortex Morphology, Am J Path 12 107, 1936 

17 Bennett,' H S Life History and Secretion of Cell of Adrenal Cortex of Cat, Am J 

Anat 67 151, 1940 
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A MORPHOLOGIC STUD\ 

ERNEST L SARASON, MD 

NEW V ORK 

With the extinction of an active substance b\ Swingle and PfifTnei 1 and Hart- 
man and Bi ownell- in 1930 and the moie lecent isolation of potent crystalline 
compounds by Reichstein 3 and Kendall and his associates, 4 great advances have 
been made in the knowledge of the plnsiology of the coitex of the adrenal gland 
The effects of its hormones are leasonably well known todav The influence of 
systemic disease on the moiphologic appeal ance of the gland is, hovvevei, not widely 
recognized The lattei, described b\ mam, could not have been appi eciated without 
the benefit of the moie recent advances in the knowledge of the plnsiolog) of the 
gland An attempt will be made in this paper to establish correlations between 
changes in the moiphologic aspects ot the cortex and \arious systemic diseases 

M \TLRIAI 

Adrenal glands were obtained from 110 routine autopsies performed at the New Haven 
Hospital (one to six hours after death) No glands from persons with Addison’s disease or 
primary neoplasm of the adrenal gland arc contained in the series The organs were dis- 
sected out of their beds with a small amount of surrounding tissue, thereby avoiding trauma 
to the delicate glands Tliev were mimediattlv placed unscctioncd in 4 per cent solution 
of formaldehyde, where they were allowed to remain for two days On removal, thev were 
carefully freed of all attached tissues, gently dried with paper toweling, and weighed on a 
torsion balance to the nearest hundredth of a gram (A review of the weights of adrenal 
glands recorded in autopsy ’protocols over a twenty year period in the New Haven Hospital 
revealed wide discrepancies It was deemed necessary, therefore, to employ this somewhat 
tedious piocedure to determine the significance of the weights) Serial longitudinal sections 
were made of each gland, a single representative block being taken from the widest portion 
unless gross examination warranted taking of others Frozen sections, cut at 10 to 20 
microns, were stained with sudan III (Herxhtimcr) 5 and countcrstained with Harris’ hema- 
toxylin The remainder of this block was embedded in paraffin, and sections were cut at 
4 to 8 microns and stained with hematoxylin and cosin 

Since it is the purpose of this paper to cori elate morphologic changes of the adrenal 
gland with systemic diseases, a careful review was made of the clinical history' and general 
autopsy findings in each case Special attention was paid to metabolic disturbances known 
to be intimately related to disorders of adrenal function In addition to the usual pathologic 
conditions seen at the autopsy table, including hypertensive cardiovascular renal disease, 
generalized arteriosclerosis (nonhypertensive), infectious disease, cancer and diabetes, several 
examples of erythroblastosis foctalis, as well as cases with clinical manifestations of adrenal 
insufficiency, are contained in the scries 

This investigation was aided by a grant from the Commonwealth Fund 

From the Laboratory of Pathology, Yale University School of Medicine 

1 Swingle, W W , and Pfiffner, J J An Aqueous Extract of the Suprarenal Cortex 
Which Maintains the Life of Bilaterally Adrenalectomized Cats, Science 71 321, 1930 

2 Hartman, F A , and Brownell, K A The Hormone of the Adrenal Cortex, Science 
72 76, 1930 

3 Reichstein, R Ueber Cortin, das Hormon der Nebennierenrmde, Helvet chim acta 
19 29, 1936 

4 Kendall, E C , Mason, H L , Hoehn, W M , and McKenzie, B F Studies in the 
Chemistry of the Suprarenal Cortex, Proc Staff Meet , Mayo Clin 12 136, 1937 

5 Schmorl, G Die pathologisch-histologischen Untersuchungsmethoden, Leipzig, F C 
W Vogel, 1934 
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of these cells was homogeneously eosinophilic, lacking the usual foamy appearance 
The mtei stitium between the coids of the zona fasciculata was the site of edema 
and hypeiemia Focal hemoirhages and polymorphonucleai infiltrations were 
seen occasional!) No bactenal emboli were noted 



A diagrammatic representation of the distribution of lipoid in the cortex of the adrenal 
gland 

All of the adrenal glands of the 28 adults with inflammatory diseases exhibited 
depletion of cortical lipoid or alteration in its distribution In 21 cases these 
changes were associated with marked enlargement In 5 of the remainder the 
glands were moderately enlarged and m 2 they were of normal size Adenomas 
were found only twice 
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sudanophihc material Therefoie, the phenylhydrazine and digitonm technics were 
not employed routinely with the human matenal, as it was believed that the all- 
inclusive sudan stam served the purpose adequately 

INFECTIOUS DISEASE 

The adrenal glands from 28 adults with active inflammatory diseases are 
included m the series Maiked enlargement of the glands was commonly seen 
Their average combined weight was 15 1 Gm , the values ranging from 1040 to 
23 55 Gm as can be seen from table 1 , almost half the glands weighed more than 
16 0 Gm 

Of the 28 adults, 13 had acute mflammatoiy diseases, including 2 with gan- 
gienous appendicitis and peritonitis, 2 wnth necroti/ing pneumonia, 7 wuth septicemia 
resulting from various poitals of enti}, 1 with intei stitial myocarditis, and 1 wuth 
acute pemphigus The average combined adicnal weight m this group w'as 
16 6 Gm , the weight being below' 15 47 Gm in on!) 3 instances 

Fifteen of the 28 adults had clnonic inflammatory diseases, associated with acute 
exacerbations in some The aierage combined adrenal weight was 13 4 Gm , in 
contrast with 16 6 Gm the ateiage foi the group with acute inflammatory disease 


Table 1 — Weight of Combined Adicnal Glands of Twenty-Eight Adults with Active 

Inflammatory Disease 


Combined Adrenal Weight, Gin 


incidence 

10 40-11 05 


10 

13 24-13 82 


3 

15 47 10 00 


3 

10 17 IS 81 


0 

20 11 23 55 


3 


Most of the adrenal glands from the gioup with active inflammatory diseases 
showed moderate to marked enlargement The depletion of the cortical lipoid 
was apparent on gross examination The usual ) cllow -orange color of the cortex 
had been transformed into pale gray Focal patches of orange material w r ere often 
seen dotting the cut surface, indicating the remnants of what w r as formerly a solid 
orange band Microscopic examination disclosed varying degrees of lipoid deple- 
tion of the cortex associated with atypical distribution of tins material , it was 
now in the inner instead of the outer part of the zona fasciculata (fig, B ) In 
extreme cases no sudanophihc material lemamed in the cortex (fig, E ) Other 
glands, showing less of this change, exhibited focal areas of lipoid-containing 
cells interspersed with fat-fiee areas (fig, D ) The usual solid sudanophihc 

band of the cortex of the least involved glands was punctuated by circumscribed 
foci of lipoid depletion The latter resembled foci of demyehnation as seen m the 
Weigert stain These variations m coitical lipoid content and distribution w'ere 
best appreciated with the lower pow'ei lens or the naked eye In some instances 
the sudanophihc matenal appeared as more finely particulate than usual Central 
nonstaimng vacuolation of some of the laiger droplets of sudanophihc matenal 
was also evident Some of the cells in the zona fasciculata possessed honeycombed 
cytoplasm, which proved not to be sudanophihc Such cells w r ere present in large 
numbers m some cases and were easily distinguished from the normal foamy 
lipoid-contammg cells In the hematoxylin eosm preparation, nests of small round 
cells w r ere present in the glomerulosa layer These cells did not contain lipoid 
The cords of cells composing the zona fasciculata were slender, and the cytoplasm 
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DIABETES MELLITUS 

It is impossible to evaluate any changes in the adienal coitex m the cases of 
this gioup since 8 of the 9 patients had complicating hypertension or mflammatoiy 
disease The changes noted weie those seen m connection with the latter two 
conditions In the sole uncomplicated case there w^as no alteiation in adrenal 
weight oi histologic pictuie 

CIRRHOSIS 

The 5 cases of cirihosis of the livei included in this senes weie complicated 
by infectious processes, diabetes oi severe long-standing anemia Hence, the 
moiphologic changes observed m the adienal glands cannot be con elated with 
the underlying disease of the liver All of the glands except a single pair were 
moderately enlarged and showed depletion of cortical lipoid or a leversal of the 
lipoid pattern In the single uncomplicated case of biliaiy cnrhosis occurring in 
a 29 year old woman the adienal glands "weie of noimal weight and histologic 
appeal ance 

Table 2 — Data on Childien and Ncivboi n Infants 


Adrenal Glands 


A^e 

Sc\ 

Diagnosis 

Weight, Gm 

Histologic Change 

13 mo 

M 

Pneumococcic meningitis 

2 84 

Lipoid depletion 

0 mo 

w 

Retarded development (3 9 Kg ) 

9 77 

Lipoid depletion 

3 yr 

M 

Bacillary dysentery 

4 22 

Lipoid depletion 

4 vr 

F 

Fncephalomjelitis 

4 GO 

Regular lipoid pattern 



Premature Newborn Infants 


G rtli mo 

F 


2 07 

No lipoid in zona glomerulosa 

7th mo 

F 

Jaundice, aspiration 

4 25 

No lipoid in /onn glomcruloMi himor 




rhage in zona fnsciculatn 



Full Term Newborn Infants 

1 day 

M 

Diaphragmatic henna 

C 50 

Minimal lipoid in outer zona glomeru 



losn, sudanophd band comprising 





inner part of zona glomerulosa and 
outer pnrt of zona fascicnlata, fine 





sudanophihc material in inner part of 
zona fasciculate and zona reticularis 

3 days 

31 

Aspiration 

5 70 

Similar to above 

11 dajs 

M 

Pneumococcic meningitis 

7 4S 

Lipoid depletion (marled), foci of 


necro«Is 


CHILDREN AND NEWBORN INTANTS 

The adienal glands of only 2 piemature infants, 3 full term newborn infants 
and 4 children are included m this senes Theiefoie, no conclusive obseivations 
can be made The pertinent data are tabulated in table 2 

ERYTHROBLASTOSIS TOETALIS 

Because of the striking enlaigement of the adienal glands, 4 examples of 
eiythroblastosis foetahs have been grouped sepaiatel) The accuiate combined 
adrenal weight m 2 cases was 17 30 and 12 16 Gm , and m the other 2 (collected 
prior to the beginning of this study), appi oximately 15 Gm each In view of 
these findings the determination of the watei content of the enlarged glands 
seemed indicated The dry weight of the adrenal glands weighing 17 30 Gm was 
3 32 Gm , i e SO per cent w r ater content This corresponds approximately to 
the 75 pei cent w'ater content found in normal weight adrenal glands of the new- 
born Fiom this it can be concluded that the increase in weight of the adrenal 
glands in cry throblastosis foetahs cannot be attributed to edema 

The adrenal glands in these 4 cases of ery throblastosis showed much the same 
microscopic picture The lipoid pattern resembled that seen m the adrenal glands 
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HYPERTENSION 

Twenty cases of hjpei tension associated with cauluc In pei trophy foim the 
next group In 13 of these nephiosclciosis was picscnt The cases weic about 
evenly distributed between males and females, w-ith the ages \aiymg between 35 
and 76 years The aveiage combined weight of the adienal glands was 15 9 Gm , 
two thirds weighing moie than 13 5 Gm The abundant lipoid seen m the widened 
cortex on gioss examination was sinking In 5 cases the adrenal glands weic 
marked by adenomatous hjpciplasia ITislologicalh , the innei as well as the 
outer zona fasciculata contained abundant lipoid Onl) in 3 cases, which were 
complicated by inflammatory disease (phagedenic ulceis, necrotizing \ascular dis- 
ease and extensile myomalacia) weic foci of lipoid depletion noted m the outer 
part of the zona fasciculata All of the others showed a generalized increase m 
cortical lipoid (fig, C ) 

In the remaining 7 cases of the hjpcitcnsnc gtoup chronic glomciulonephntis 
or pyelonephritis w-as a feature The patients v'ere 5 females and 2 males, their ages 
langmg between 22 and 61 )ears The aveiage combined weight of the adrenal 
glands w r as 12 58 Gm , only one thud of them exceeding 13 5 Gm (It will be 
lecalled that the adrenal glands of two thirds of the gioup with nephroscleiosis 
exceeded the weight of 13 5 Gm ) Excessive amounts of lipoid wcie present in the 
cortex in 4 cases Of the 3 remaining, 1, complicated b) necrotizing vascular disease, 
showed foci of lipoid depletion in the zona fasciculata Similai changes without 
associated complicating disease were found in the second, and the normal c\to- 
architectuie and lipoid dislnbution were present in the thud It maj be emphasized 
that adenomatous hypeiplasia was present in only 1 case 

NEOPLASTIC DISI'VSE 

Thirteen instances of neoplastic disease are included in the present study In 
suiveying the adrenal weights in this group it became apparent that in the cases 
in w r hich cachexia w r as associated with neoplastic disease the adrenal glands w'ere 
larger than those of the patients dying without significant loss of weight The 
adrenal glands of 5 of the 6 patients of the cachetic group weighed between 11 93 
and 17 85 Gm , averaging 14 30 Gm These showed varying degiees of lipoid 
depletion One pair exhibited the normal lipoid pattern In contrast to the 
marked increase m adrenal weight and associated lipoid depletion seen in the 
cachetic patients were the noimal lipoid pattein and the slight increase in adrenal 
weight found m the glands of patients w r ho succumbed to neoplastic disease not 
associated with cachexia The adrenal weights langed fiom 1193 to 14 41 Gm , 
averaging 12 46 Gm 

ATHEROSCLEROSIS 

Eleven cases of athei osclerosis are included in the series Seven of the 
patients were males and 4 were females The average age of this group was 65 
years The combined adrenal weight averaged 116 Gm Pive pairs weighed less 
than 10 50 Gm , 5 langed between 12 60 and 13 84 Gm , and only 1 pair weighed 
as much as 16 Gm On micioscopic examination the sti iking feature w r as the 
normal histologic appearance of 6 of the 11 pairs of glands The weights of these 
6 normal-appearing pairs of glands averaged approximate^ 10 Gm Two other 
pairs exhibited a slight degree of focal depletion of lipoid in the outer part of the 
zona fasciculata The lemainmg 3 showed an increase m the lipoid of the inner 
part of the zona fasciculata 
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the aveiage weight is 13 4 Gm The more striking depletion of cortical lipoid 
is seen m cases of acute infectious diseases of the most fulminating type (fig E) 

Infectious diseases are not the only conditions in which such changes m the 
adienal glands aie known to occur They have been described by Landau, 15 Albiecht 
and W eltmann 2b and Hueck 27 in various neoplastic diseases Ball and Samuels 2<> 
demonstiated adienal enlargement m animals with experimentally produced tumois 
These authors suggested that the enlargement might in some way be attributed 
to the extieme bieakdown of neciotic tumor tissue In the piesent series it is 
apparent that while cancel pei se is associated with slight enlargement of the 
adrenal glands without significant alteration m the cortical lipoid content, the 
more striking adrenal enlaigement associated with marked depletion of lipoid is 
found in those cases of cancel which aie complicated by cachexia 

In addition to infectious diseases and malnutntion with their attendant metabolic 
disoideis, othei pathologic conditions may be associated with adienal enlaige- 
ment and depletion of lipoid The latter include pemphigus, eczema, extensive 
burns and piotracted vomiting It can be seem that all of these conditions, 
associated with marked dehydration and depletion of chlorides, throw an increased 
demand on the adrenal glands Illustiatue examples follow' 

A 79 year old man had had acute pemphigus for four months The skin and the mucous 
membranes were the site of most extensive denudations A terminal rise in the blood nonprotein 
nitrogen occurred The adrenal glands together weighed 15 80 Gm and the widened cortex 
exhibited marked depletion of lipoid Adrenal changes like those just described have been 
observed in man after extensive burns (Kolosko, 30 Napp, 31 Albrecht and Weltmann- 6 ) and 
have been experimentally reproduced by Pfeiffer, 32 Nakata 33 and Niemeyer 34 Kamniker 33 
noted similar changes in a child dying with extensive eczema 

Protracted vomiting was the chief symptom in the next case The patient was a 58 year old 
woman suffering from high intestinal obstruction After foui days of persistent emesis, she 
was admitted to the hospital m profound shock associated with dehydration She died twelve 
hours after admission Her adrenal glands weighed 1712 Gm , and the widened coitex showed 
depletion of lipoid 

Similai changes w r ete observed by Wohl and his co-woxkeis 30 following expen- 
mental high intestinal obstruction Tieatment with large amounts of extract of 
adrenal cortex was found by these authois to prolong markedly the penod of 
survival after experimental ligation of the jejunum 37 Scudder and his associates 33 
leported elevation of seium potassium m experimental intestinal obstiuction 

29 Ball, H A, and Samuels, L T Adrenal Weights in Tumor-Bearing Rats Pioc Soc 
Exper Biol & Med 38 441, 1938 

30 Kolosko, A Ueber Befunde an den Nebennieren bei Verbrennungstod, Vrtljschr f 
gerichtl Med (supp 1) 47 217, 1914 

31 Napp, O Ueber den Fettgehalt der Nebenmere, Virchows Arch f path Anat 182 314, 
1905 

32 Pfeiffer, H Ueber Veranderungen des Nebennierenorgans nach nenosen und tokischen 
Storungen, Ztschr f d ges exper Med 10 1, 1920 

33 Nakata, T Das Verhalten der Nebenmeie und Milz bei Veibiennung nut besondeier 
Berucksichtigung der Todesursache, Beitr z path Anat u z allg Path 73 439, 1925 

34 Niemeyer, R Ueber Nebenmerenveranderungen bei experimentellen Vergiftungen und 
bei Verbruhungen, Ztschr f d ges exper Med 14 346, 1921 

35 Kamniker, K Beitrag zur Kenntnis der Nebenmerenblutungen, Frankfurt Ztschr f 
Path 35 487, 1927 

36 Wohl, M G , Burns, J C , and Clark, J H Adrenal Gland in Dogs with High 
Intestinal Obstruction, Proc Soc Exper Biol & Med 33 543, 1936 

37 Wohl, M G Burns, J A , and Pfeiffer, G High Intestinal Obstruction in the 
Dog Treated with Extract of Adienal Cortex Proc Soc Exper Biol & Med 3 6 549, 1937 

38 Scudder, J , Zwerner R L and Truszkowski, R Potassium m Acute Intestinal 
Obstruction, Surgerv 1 74, 1937 
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of othei newborn infants, 1 c a fat-lice outci pail of the /ona glomerulosa, a 
dense band at the junction of the /ona glome tulosa and the /ona fasciculata, a 
sparse distiibution of fine sudanophihc mateiial in the /ona lasuuilala, and an 
increased concentiation of lipoid m the /ona reticulaiis '1 hi^ lipoid pattern was 
in conti adistmction to that desuibed In Licbcgott ^ and Bcnecke 10 1 lie) found 
the outer half ot the coite\ fice ot npoid and the mnci put of the /ona fasciculata 
and the zona reticulaiis hcaul) laden with this mateiial It should be stated that 
onl) in 1 case m the senes wuc e\tiamedullai\ foci ot hemopoiesis found 


com \ ir \ i 

Fiom the studi of the .nailable mateiial it has become appal cut that distinct 
moiphologic changes ocun in the coitc\ of the adienal gland in \atious pathologic 
conditions lnflammatoiy diseases, hypertension and malnutrition 'I he morpho- 
logic alteiations consist of an increase m the si/e ol the glands associated with 
various degrees of depletion of the lipoid m the coitc\ On the basis ot Hass >• 
phenylhjdia/mc stain cmplo\cd with selected human adtetnl glands, it seems 
leasonable to conclude that the sudanoplnlic maten.il picscnt m the cortcv 
lepresents m pail the adienocortical steioids Hence, the morphologic changes 
described in the coitc\ take on ph\Mologic significance, lending themsehes to 
functional intci [>i ctations 

Adienal coitical changes m infectious diseases as described in the foiegoing 
pa ragi aph weie known to Fiaenkcl* 1 ’ (gtipj, Thomas- 1 (ce.nlet tener and diph- 
theria), Dietiieh-- and Goormaghtigh 23 (Bacillus welchu infections) Dcuchcr 
as well as Dietiieh obsened snnilai alterations in acute peritonitis Kawaimira 2 ’ 
Albieeht and Y\ cltmann,-' Hucck, 2 ' and Wulfing-'’ described depletion of coitical 
lipoids as a geneial fcatuie of infectious diseases I am able to confiim the changes 
m the amount and the aiiangement of the sudanophihc substance m the eoite\ 
as w r ell as the lucicase in the size of the gland m \atious mtcctious diseases 
Also borne out in the picscnt stud) is Wulfing’s statement that the adrenocortical 
changes are not specific and that their mtcnsit) depends on the duiation and the 
Miulence of the infections The a\ erage combined adienal weight in cases of 
acute lnflammatoiy disease is 15 47 Gm wheteas in cases marked b) chronicit) 


18 Liebegott, G, in discussion on Blcumcr, II Ghcogtnspciclicr Knnklicif \ crhandl d 
deutsch path Gesellsch 31 18, 1938 

19 Benecke, E Hypcriiisulinisnius und Gl\ koguispuihci ung bum Icterus familial is 
gravis, Zentralbl f allg Path u path Anat 72 401, 1939 

20 Fraenkel, E Ueber die blutgcf.issch idigeudc Wirkungcn dcs Gnppcuregeis, Centra 
f allg Path u path Anat 33 104, 1923 

21 Thomas, E Ueber die Ncbcnnicrcn dci Kinder und due Ver indei imgui bei n e tious 

krankheiten, Beitr z path Anat u 7 allg Path 50 2S3, 1911 , .. 

22 Dietrich, A Die Ncbcnnicrcn bci dui Wundinfcktionskrankheiten, entia 

Path u path Anat 29 169, 1918 , , 

23 Goormaghtigh, N Sur le fonctionnement dc h capsule suirenae lumaine an 

gangrenes gazeuses, Compt rend Soc de biol 81 14, 1918 , 

24 Deucher, G Verandcrungen der Ncbennierennnde bei Peritonitis un epsis, 

f klin Chir 125 578, 1923 r i 1911 

25 Kawamura, D Die Cholesterincstcrverfettung, Jena, Gustas isciei, , 

26 Albrecht, H , end Weltmann, O Ueber da, L.po.d der Nebcnnie.emmde, W.en U.n 

Wchnschr 24 483, 1911 , , * «. At%r 

27 Hueck E Ueber exocrimentell eizeuirte Vcranderungen nn Lipoidgel a 
nierairmdeund ihre^Beziehuri^n^um^Cholestmngehalt de. Elutes, Verhandl d deutseh path 

Ge 28 Wtldnf M 912 D,e V«ra„der„„ s e„ der Nebennterenrmd, be, Mekt.onshranhhe.ten 

Virchows Arch f path Anat 253 239, 1924 
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observed following acute starvation (Jackson 47 , Mulmos and Pomei antz 18 , 
Saiason 40 ) as well as the feeding of a diet rich in piotem (Engel and Tepper- 
man E0 , Sarason 49 ) Whitehead 51 described cortical piolifeiation in the adienal 
glands of mice after injections of peptone These are all instances of accelerated 
protein catabolism The mailced adienal enlargement associated with depletion 
of lipoid m cachectic patients may be explained on the basis of mci eased break- 
down of body protein Engel and Tepperman 50 stated that an increase in protein 
catabolism is often the underlying factor m various diverse conditions known to 
be associated with adrenal hypeitiophy Coincident with this acceleiated break- 
down of tissue piotem there is libeiation of mti acellular potassium It seems not 
unlikely, therefoie, that the adrenal changes observed in those clinical conditions 
associated with profound disturbances of electrolyte and protein metabolism are 
the manifestations of mci eased demands made on the adienal cortex 

While this paper serves to emphasize changes of the adrenal cortex secondaiy 
to metabolic disturbances associated with systemic disease, it must not be foi gotten 
that the disease itself may directly involve the adienal glands giving rise to symp- 
toms of adrenal insufficiency Hemorrhage, infarction and neciosis of the adienal 
gland occurring in the course of severe infectious diseases have been emphasized 
by Thomas, 21 Oberndorfer, 52 Hutmel, 53 Fraenkel, 20 Kovacs, 54 Furuta, 55 Simmonds, 50 
Goldzieher 57 and others In the present series they were not a prominent feature 
and did not exceed an occasional focal miliaiy extravasation of red blood cells 
Mention should be made, however, of the case of a 61 year old man who, two 
houis after an injection of bromsulfalem, showed a rise m temperature and signs 
and symptoms of shock (The dye used was from a lot which has caused marked 
febrile leactions m other patients ) The state of shock terminated m death after 
eighteen hours The autopsy disclosed massive bilateral adrenal hemorrhages with 
necrosis of cortex and medulla associated with thrombus formation in the laige 
veins No inflammatory disease was found anywhere m the body This is in 
contrast to the so-called Waterhouse-Friederichsen syndrome, which consists of 
bilateral hemorrhagic infarction of the adrenals associated with septicemia, particu- 
larly memngococcemia Virchow 58 mentioned 2 cases of sudden death of previously 
healthy persons in which the only pathologic change was hemorrhagic infarction 
of the adrenal glands 

47 Jackson, C M Effects of Acute and Chronic Inanition upon the Relative Weights 
of the Various Organs and Systems of Adult Albino Rats, Am J Anat 18 15, 1915 

48 Mulinos, M G , and Pomerantz, L Hormonal Influences on Weight of Adrenal in 
Inanition, Am J Physiol 132 368, 1941 

49 Sarason, E L Morphologic Changes in the Rat’s Adrenal Cortex Under Various 
Experimental Conditions, Arch Path 35 373 (March) 1943 

50 Engel, F, and Teppeiman, S J To be published 

51 Whitehead, R Cortical Proliferation in the Mouse Suprarenal After Peptone, Brit 
J Exper Path 13 200, 1932 

52 Oberndorfer, S Gynakologische Gesellschaft in Munchen, Munchen med Wchnschr 
52 777, 1905 

53 Hutmel, V Les lesions des capsules surrenales dans la scarlatme, Arch f Kinderh 
60-61 397, 1913 

54 Kovacs, J Beiderseitige akute Nebenmerenblutung bei Influenza, Frankfurt Ztschr 
f Path 38 387, 1929 

55 Furuta, S Morbus Addisonn durch arterielle Embolien der Nebenmeren, Virchows 
Arch f path Anat 251 553, 1924 

56 Simmonds, M Ueber Nebennierenblutungen, Virchows Arch f path Anat 170 
242, 1903 

57 Goldzieher, M The Adrenals, New York, The Macmillan Companj, 1929 

58 Virchow', R Berliner medicimsche Gesellschaft, Berl klm Wchnschr 9 95, 1864 
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The conclusions concerning the mutual relations of the adienal coitcx and 
systemic disease aie iiagmentaiy and leqtmc furthci documentation This is 
illustrated b} anothei case 

\ 65 \ car old woman known to be addicted to the usi oi alcoholic hcecrages, sufteicd 
from persistent emesis for scicral months prior to death On admission to the hospital she 
was semiconiatose, with a blood pressure of 50 sjstohc The diastolic pressure was not 
obtainable She presented all the signs of peripheral circulator} collapse Ihe nonprotem 
nitrogen of the blood amounted to 56 mg per hundred cubic centimeters, and the chlorides 
were markedly depressed to the lc\ el of 60 nnlliequnalcnts Despite the administration ot 
blood and saline solution, she nc\er rccoecred fioni shock, d}ing m torti -eight hours 4t 
autops} no cause of death could be demonstrated It was gcneralh agreed tint the electrobtc 
disturbance was responsible for her death The adrenal glands were enlarged weighing 16 35 
Gm In contrast with the adrenal cortex in the first cited case of \omiting the cortex m this 
instance contained abundant lipoid 

It should be emphasised that all of the afoiementioned conditions includ- 
ing infectious diseases, pemphigus, eczema, burns and proti acted vomiting, aie 
associated with signs and symptoms of adrenal lnsufficicnct of taring degiec 
Moreen et, death m the conditions enumciatcd ma\ at times be attributed to adrenal 
insufficiency 1 he lowenng of blood chlondes in infectious disease is well known 
(Peteis and Van Sl)ke in ) Changes in the electroljte pattern of the blood charac- 
teristic of adienal insufficiency have been described by Talbot and his co-w’orkers 40 
m pemphigus and b> Stoesser 41 m infantile eczema Talbot stated that adminis- 
tration of laige amounts of extract of adrenal coitcx resulted in correction of 
the clectioljte disturbance and simultaneous clinical nnproicment Maclean, 4 - 
Nitschkc and Kratschell 43 and Stenger 41 found elevation of serum potassium and 
depiession of seium chlorides, associated with hemoconcentration m cases of severe 
burns and infectious diseases 

As can be seen from the foregoing citations the hteiature contains extensive 
lefetence to the pathologic alteration of the adrenal glands The emphasis, how- 
ever, has been on the direct cftcct of tarious pathologic conditions on these 
glands The changes secondary to metabolic dislmbances associated with disease 
hate not been adequately consideied 

The adienal glands aie lecogm/ed b} all to be intimately concerned with w r ater, 
electrolyte, piotein and caibohydiate metabolism Recent papers point to the 
impoitant lole of these glands in protein metabolism Long and his co-workeis 
demonstiated that adienocortical compounds fuithered the conversion of body 
protein to carboh) drale It has been shown recently by Levin and Leathern 10 
that the deciease in serum albumin following hypophysectomy may be collected 
by administration of desoxycorticosterone acetate Adienal lnpeitiophy has been 

39 Peters, J P, and Van Slyke, D D Quantitatne Clinical Chemist!} Baltimore, 

V llhams 6L Wilkins Compaii} 1931, vol 1 

40 Talbot, J H , Leicr, W F, and Consolazio, W B Metabolic Studies on Patients 
with Pemphigus, J Imest Dermat 3 31, 1940 

41 Stoesser, A V Potassium Chloride Therapy and Scrum Potassium in Infantile 
Eczema, Proc Soc Exper Biol & Med 49 332, 1942 

42 Maclean, A The Suprarenal Glands m Diphtheria, J Hvg 37 345, 1937 

43 Nitschke A, and Kratschell, - B Blutveranderungen bei der toxischeii Diphtherie 
und lhre Beziehung zum Nebennieren-Ausfali, Kim Wchnschr 17 374, 1958 

44 Stenger, K Blutveranderungen bei schw'eren Infektionskrankheiten und bei Verbren- 
nungen lhre Beziehung zur Nebenmerenschadigung, Kim Wchnschr 18 576, 1939 

45 Long, C N H Katzin, B, and Fry, E G Adrenal Cortex and Carbohydrate 
Metabolism, Endocrinology 26 309, 1940 

46 Levin, L, and Leathern, J H The Relation of the Pituitary Thyroid and Adienal 
Glands to the Maintenance of Normal Serum Albumin and Globulin Lei els Am J Ph}Siol 
136 306, 1942 
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ANATOMY, PHYSIOLOGY AND METHODS 

Beginning with the thesis that there must be full agreement between the 
sti ucture and the function of the heart, Robb and Robb 1 have briefly, yet cogently, 
con elated the results of certain anatomic and physiologic studies They point 
out that anatomists have lepeatedly demonstrated that the ventricles of mammalian 
hearts are made up of disci ete muscle bands and that the ongm, the course and 
the attachments of these separate muscles are also fairly well known These 
views, however, are not compatible with the assumption, held by many mvesti- 
gatois that the whole heart is one syncytium If this were absolutely true, the 
Robbs point out, the findings of the anatomists would have to be considered 
artefacts Further proof of the view that the cardiac musculature is indeed com- 
posed of distinct muscles is seen m (1) the specific functions of the several ven- 
tricular muscles, (2) the individual blood supply of each and (3) the fact that 
mjuiy may be localized to a particular muscle and that such injury produces a 
constant and chaiacteristic change m the electrocai diograms of various animals 
Further proof is looked for from work in progress designed to show (1) whether 
the sheaths surrounding the muscle bands extend throughout their course, and 
(2) whethei there are m fact specialized conduction pathways with a distribution 
similar to that of the Purkmje tissue in ungulates 

Richards and his associates 2 found that the average right auricular pressure 
in 6 normal human subjects was plus 37 mm of water Direct measurements 
of venous pressure were made by introducing a catheter into the right auricle 
and locating the position of the tip by means of roentgen lays Their findings 
are of particular interest because it has long been assumed (on the basis of experi- 
ments in animals) that the average right auricular piessure is zero or slightly 
less Richards and associates further found that the average gradient from arm 
to heart was plus 41 mm of water m normal subjects, whereas in 3 patients with 
congestive heart failure the pressuies m the vein of the arm and the right auricle 
were almost the same 

Cournand, Ranges and Riley 3 have tested the accuiacy of the balhstographic 
method of detei mining cardiac output by comparing it with a method (involving 

From the School of Aviation Medicine, Naval Air Training Center, Pensacola, Fla , and 
the Cardiac Clinic of the Massachusetts General Hospital, Boston 

The opinions and views set forth in this article are those of the writer and are not to be 
considered as reflecting the policies of the United States Navy Department 

1 Robb, J S , and Robb, R C The Normal Heart Anatomy and Physiology of the 
Structural Units, Am Heart J 23 455, 1942 

2 Richards, D W , Jr , Cournand, A , Darling, R C , Gillespie, W H, and Baldwin, 
E DeF Pressure of Blood in the Right Auricle, in Animals and in Man Under Normal 
Conditions and m Right Heart Failure, Am J Physiol 136 115, 1942 

3 Cournand, A , Ranges, H A , and Riley, R L Comparison of Results of the Normal 
Ballistocardiogram and a Direct Fick Method in Measuring the Cardiac Output in Man, J 
Clin Investigation 21 287, 1942 


713 



712 


ARCHIVES OF INTERNAL MEDICINE 


Josue, jU Landau, 15 Albiecht and Weltmann, 20 Hucck 27 and Thomas 00 described 
adienal enlargement with increased storage of lipoid m contracted kidnejs The 
marked increase in the weight of the adrenal glands associated with lipoid storage 
in nephioscleiosis (ate rage weight, 15 9 Gm ) and the less marked enlargement 
m hypertension following chronic glomeiulonephntis and pyelonephntis (average 
weight, 13 5 Gm) are difficult to explain These findings coiroborate those 
lecently leported by Rmehait and his co-workers 01 in similar cases of hypei ten- 
sion The lattei authors suggested “hypersecietion of the adrenal cortex mat in 
some cases be a factor m the genesis of what is now classified as essential hyper- 
tension ” 

The enlaigement of the adrenal glands in In pei tension is in contrast to the 
noimal weight (aveiage, 11 6 Gm ) and noimal histologic appeaiance of the glands 
m atheroscleiosis of the large artenes These findings conflict with those reported 
by Hueek 27 and otheis 

Leibegott 18 and more rccenth Dm lacher ’' 2 demonstrated increased storage of 
glycogen m the myocardium of infants dung with cr\ throblastosis foetahs Quanti- 
tative chemical analysis (Durlachei) and Best’s carmine stain ha\e been emplojed 
to show the mciease in caidiac gl) cogen The disturbance in carbohydrate 
metabolism in erythroblastosis is ter} likely correlated with the striking adrenal 
enlargement Whethei the lattei is the icsult of the fault} carboln drnte metabolism 
or the primary cause remains to be settled 

SbMMAR\ 

The adrenal glands of 110 patients tveie studied in an eflort to correlate 
cortical changes with systemic disease 

Cortical enlargement associated with depletion of lipoid or reversal of lipoid 
pattern tvas found associated with lnflammaton diseases, cachexia, pemphigus and 
protracted emesis 

Cortical enlargement with an increased amount of lipoid was encountered in 
cases of hypertension, the change was moie striking wdicn the hypertension was 
associated with primary vasculai disease The explanation of these changes is 
not at hand 

No significant alterations were present in the senes of cases of atheroscleiosis 

Extreme enlargement tvas found in 4 cases of erythroblastosis foetahs 

This study serves to emphasize that the enlargement of the adienal coitex 
and the depletion of lipoid are reflections of the metabolic distuibances associated 
with certain systemic diseases and not the direct effect of the latter 

Dr Rolf Katzenstein aided in the preparation of this article and m the compilation of 
the bibliography Miss Virginia Lane and Mr Luther Mardiros gave technical assistance 

New Haven Hospital 

59 Josue, O Capsules surrenales, hj pci tension aiterielle, atherome, Bull et mem Soc 
med d hop de Paris 21 139, 1904 

60 Thomas, E Ueber Veranderungen der Nebcnmeren, bei Schrumpfmeren, Beitr z 
path Anat u z allg Path 44 228, 1910 

61 Rinehart, J F , Williams, O O , and Cappeller, W D Adenomatous Hyperplasia 
of the Adrenal Cortex Associated with Essential Hypertension, Arch Path 32 169 (Aug ) 
1941 

62 Durlachei, S H Unpublished data 
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An impressive normal smoauncular bradycardia has been reported by White 
in 4 athletes, 3 of whom were long distance runners The basal heart lates m 
the 4 athletes were as follows a marathon winner, 38, an aviator, 38, a champion 
miler, 37, and a champion two-milei, 35 Thus, the range of the normal heart 
rate has been shown to be moie extended than previously thought 

CARDIAC ARRHYTHMIAS 

Wolff 5 has discussed the paroxysmal tachycardias primarily from the stand- 
point of the clinical manifestations His series of 125 cases included 81 instances 
of paroxysmal auricular fibrillation, 24 of paroxysmal auricular tachycardia, 11 
of paroxysmal auricular flutter and 9 of paroxysmal ventricular tachycardia 
Various types of heart disease weie represented m varying giades of severity 
There were, in addition, 25 instances in which the heart was normal Wolff 
found that the significant variables include the ventricular rate (and in a lesser 
degree the type of rhythm), the underlying heait disease, the cardiac reserve, the 
sensitiveness of the patient and the presence or the absence of embolism A 
ventricular rate of 150 a minute was found to be critical , below this rate symp- 
toms are not often provoked unless embolism complicates the paroxysm, whereas 
at rates above 150 symptoms are usually induced regardless of all other variables 
The type of rhythm is significant chiefly because of the association of different 
types with certain forms of heart disease The nature and the severity of the 
underlying heart disease have an important influence on the symptoms Patients 
with mitral stenosis in whom a paroxysm of rapid tachycardia develops become 
dyspneic, and pulmonary edema and hemoptysis may occur Patients who experi- 
ence angina on effort suffer similarly during paroxysms unless the rate is under 150 
In patients with congestive failure or greatly limited cardiac reserve the onset of 
a paroxysm, especially if rapid and prolonged, may precipitate gross congestive 
failure Even here, howevei, the heart rate is a critical factor, because at rates 
much below 150 no aggiavation of signs or symptoms is noted Wolff agrees 
that heart failure may occur m persons with normal hearts as a result of a 
paroxysm of lapid tachycardia but hints that this is not common save m infants 
and children In 41 of Wolff’s 125 cases symptoms weie not provoked, all 
types of tachycardia were represented as well as various types and stages of heart 
disease 

Cooke and White Ca have published a study of paroxysmal tachycardia and 
paroxysmal auricular fibrillation, consisting of an analysis of 750 cases encountered 
in the cardiographic laboratory at the Massachusetts General Hospital from 1928 
to 1938 They concluded that when the cardiovascular system is normal, attacks 
of paroxysmal tachycardia are uncomfortable but relatively unimportant incidents, 
without effect on longevity, but that the occurrence of an attack m a patient 
seriously ill must be regarded with apprehension, and the occurrence of heart 
failure as the result of an attack may lead to the formation of mtracardiac thrombi 
and subsequent emboli 

In a second paper 5b these same authors discussed 27 cases of ventncular 
paroxysmal tachycardia, 24 of which were found m a review of electrocardiograms 

4a White, P D Bradycardia (Below Rate of 40) in Athletes, Especially in Long 
Distance Runners, Correspondence, JAMA 120 642 (Oct 24) 1942 

5 Wolff, L Clinical Aspects of Paroxysmal Rapid Heart Action, New England J Med 
226 640, 1942 

5a Cooke, W T, and White, P D Prognosis of Paroxysmal Tachycardia and 
Paroxysmal Auricular Fibrillation, Brit Heart J 4*153, 1942 

5b Cooke, W T, and White, P D Paroxysmal Ventncular Taclncardia, Brit Heart 
J 5 33, 1943 
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catheterization of the light amide) based on the Pick pi mciplc They found that 
with the lattei method the cauhac output was IS 5 pei cent gi eater than the value 
calculated fiom the balhstocatdiogiam with Ba/ett s tables tor the internal cross 
section of the aoita Iiowevei , when diodiast was used for visualization in detei- 
mining aoitic cioss section, the two methods checked xeix close!}, the a\erage 
difference being 3 5 per cent They suggest, thciefoic, that with respect to 
absolute accuiac} the balhstocai diographic method max be impro\ed either bx 
making a collection of 18 5 pei cent or b\ using diodrast m the determination 
of the aoitic cioss section 

Rappaport and Spiague 4 ha\e discussed in a comprehensixc manner the graphic 
legislation and intei pi ctation of normal heart sounds Thex point out that an 
obsener using an oichnan stethoscope does not hcai the caidiac sound vibrations 
as they actually aie because of tluce majoi forms of distoition 

1 The heart sounds arc modified in their path of traxel from the source to the surtacc ol the 
chest 

2 The vibrations tint leach the surface of the chest are further modified by the stethoscope 
and type of chest piece employed 

3 The human hearing mechanism (that is, the car, the ncrxous pathwavs, and the brain) 
additionally modifies the heart sound aibrations 


Phonocardiograpluc registiation may also be considered in the light of the 
same modifications or distortions, w-ith the types being defined as follows 


a Linear phonocardiographx , or the registration of the sound nbrations ns ibex cvist on 
the surface of the chest 

b Stethoscopic phonocardiography, or the registration of the sound nbrations as thex are 
transmitted to the ears by an axernge acoustic stethoscope 

c Logarithmic (human audiographic) phonocardiography, or the registration of sound 
vibrations as they arc percened by a competent obserxer if the personal factors arc omitted 

The advantages of each type in the analysis of the heart sounds are clearly 
outlined, as w ell as the advantages of a simultaneous recording of the venous pulse 
Their observations indicate that the first heart sound comprises four com- 
ponents, the second and third of xvhich are ordinal lly heard in auscultation 


a The first, xvhich is caused by residual xibrations of auricular origin 
b The second, xxdnch is produced at the beginning of the isometric contraction plnse of the 
cardiac cycle (closure of the mitral and tricuspid valxes) 

c The third, xvhich is caused by the opening of the semilunar xalx'es 

d The fourth, xvhich is caused by r the acceleration of the blood m the arterial vessels during 
the maximum ejection phase of ventricular systole 


The second heart sound also comprises four components, of xvhich onl) the 
second is heard m auscultation 

a The first vibrations, xvhich represent the beginning of the diastolic fall in pressure xvith 

ventricular relaxation , , , , 

b The second group of vibrations, xvhich are caused by the closure of the semilunar va ves 

(termination of ventricular systole) 

c The third group, xvhich are most likely due to the arterial wall and blood column 
vibrations An additional possible source of vibration in this phase of the seco d heart s 
may be the natural period vibration of the chest xvall, xvhich may conceivably be set 

oscillation by the second component 

d The fourth component is caused by the opening of the mitral and tricuspid valves 


4 Rappaport, M B , and Sprague, H B The Graphic Registration of the Normal Heart 
Sounds, Am Heart J 23 591, 1942 
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paralleled the gravity of the cardiac lesion” In a gioup of 97 noimal subjects 
with prematuie beats, on the other hand, alternation for more than thiee beats 
following the premature beat “was never observed, except for transitory and 
minimal alternation m 3 subjects with tachycardia ” The authors present their 
evidence that palpitation occurring with premature beats is not due to the extia 
large beat which follows but to the premature beat itself They point out that 
when the onset of ventriculai systole occurs prematurely and at a time when lapid 
diastolic inflow is still continuing and the aunculoventricular valves are widel} 
sepaiated, the cusps are brought together more forcibly than normal so that the 
intensity of the first sound is increased, and that with this there may be con- 
sciousness of the heart beat 

Perera, Levine and Erlanger, 8 prompted by the clinical impression that patients 
with bundle bianch block of the right type have a better prognosis than do those 
with the left type, were able to confirm this impression by an analysis of 104 cases 
of right bundle branch block They found that the average survival tune aftei 
the diagnosis of right bundle branch block was three years for 29 patients v ho 
died and four years and one month for 62 patients remaining alive Thirteen 
patients could not be traced They found that the prognosis for life was one yeai 
and two months for 60 patients with left bundle branch block, which is in accord 
with the experience of most othei investigators 

White and Blumgart 0 have reported 2 cases which are of consideiable mteiest 
in the further appraisal of the use of qumidme in the treatment of ceitam cardiac 
arrhythmias They point out that although the appearance of embolic phenomena 
during the course of auricular fibrillation is generally legarded as a conti amdi- 
cation to the use of qumidme, yet in certain cases, as exemplified in a patient of 
theirs, the lestoration of noimal lhythm may result m the cessation of embolism 
A further example is given of the use of qumidme in restoring noimal rhythm 
m a patient with active rheumatic infection, congestive failure and aunculai 
fibrillation m whom digitalis failed to control adequately the ventricular rate 
The use of qumidme, ordinarily thought to be contraindicated in the piesence of 
lheumatic fever and congestive failure, was considered to be life saving 

ELECTROCARDIOGRAPHY 

Genesis of the Elech ocai diogram — During the past few years there has 
accumulated an impressive body of knowledge serving to cast doubt on the 
validity of Emthoven’s equilateral triangle hypothesis These investigations and 
the controversies surrounding them have been of small concern to those primarily 
intei ested m clinical electrocardiogi aphy, since Emthoven’s hypothesis seemed to 
seive for all piactical purposes However, the recent work of Wolferth, Livezey 
and AVood 10 stands m conti adiction to this hypothesis and, more important, the 
methods used point the way to possible new advantages of a clinical nature 

They have shown that the pattern of potential variations along radial lines 
extending, roughly, from the heait to the tip of each shoulder, does not change 
significantly except for decrement as the distance from the heart increases By 
pairing appropriate aieas along these lines they obtained a series of tracings closel} 
lesemblmg lead 1 On the right side the deflections (“C-l pattern”) vcre rela- 
tively large near the heart m the Q area (fourth intercostal space to the right of 

8 Perera, G A , Levine, S A , and Erlanger, H Prognosis of Right Bundle Branch 
Block, Brit Heart J 4 35, 1942 

9 AVhite, P D , and Blumgart, H L Cessation of Repeated Pulmonan Infarction and 
of Congestive Failure After Termination of Auricular Fibrillation b\ Qumidme Therap\, J 
Mt Sinai Hosp 8 1095, 1942 

10 Wolferth, C C , Lnezev, M M , and Wood, F C Studies on the Distribution ot 
Potential Concerned in the Formation of Electrocardiograms \m J M Sc 203 641, 1942 
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taken on 25,000 patients in the cardiogiaplnc laboiatoiy of the Massachusetts 
Geneial Hospital fiom 1914 to 1929 They established the following four cntena 
for diagnosis 

1 The piesence of P waves at a slowei late than that of abnoimal QRS waves 
during a paroxysm of tachycardia 

2 A paroxysm of abnoimal ventiiculai complexes i e, three oi more, 
occurring during auricular fibi illation 

3 The onset of tachycaidia with an abnoimal \cntnculai complex 

4 Close resemblance of the complexes of \entncuiai premature beats to the 
complexes occurnng dining paroxysmal tachycardia 

Coronary heart disease w as pi esent in 22 of the 27 cases , m 4 olhei cases the 
heait w r as appaiently normal, and in 1 it was thought to hate a congenital icntriculai 
defect There w r ere 17 males and 10 females, the }Oiingcst being aged 18 years 
and the oldest 81 years Digitalis had been administered to 13 of the 27 patients 
before the onset of the tachycardia and was probably the chief etiologic factoi 
m at least 5 of them The prognosis was generally but not ahvays poor Only 
2 patients with coronary heart disease sumved longer than tw r o years after the 
fiist attack, 5 patients with hearts olhei wise noimal had survned to the date of 
writing, the periods \aiymg from two to fifteen jears 

Rosenbaum, Johnston and lvellei *■ haie described m detail their findings in 
2 cases of paroxysmal ventricular tachycardia m childhood and ha\e briefly sum- 
marized the 7 other definite cases prcuously reported In 3 of the 9 cases there 
v^as no associated cardiac abnormality, while in the remaining 6 there w’as con- 
genital or acquired heait disease In 7 of the 9 cases there weie important symp- 
loms associated with the paroxysms (slowest \cntncular rate, 192), including 
abdominal pain, dyspnea, nausea and \onuting, anorexia and pain in the chest 
In 1 case there w r eie no associated symptoms, but the paroxysms w r ere short, 
and m the lemaimng case there were repeated bouts of fever associated with 
the tachycardia The authors stress the impoitance of accuiate diagnosis and 
the value of adequate doses of qumidinc sulfate m lestonng normal rhythm 

Ungerleider and Gubnei 6 7 have wiillen an interesting report of their observa- 
tions on prematuic beats and the mechanism of palpitation Electrocardiogi ams 
were obtained on 1,142 applicants for life insuiance who were found to have 
premature beats on clinical examination , in 58 per cent there w r as no evidence 
of heait disease Among the factors wdnch w r eie found to increase the significance 
of premature beats were 

1 The occurrence of premature beats of multifocal origin 

2 Frequent and persistent premature beats, particularly if they occur successively in s lort 
runs interrupting the regular rhythm 

3 A definite increase in the number or shower of extrasystoles immediate y 0 
exercise 

4 Occurrence of premature contractions in the presence of a rapid heart rate 

5 Inversion of the T wave m the regular beat which follows the extrasystole 

6 Post-extrasystolic pulsus alternans 

The last-named factor refers to the occurrence of temporary pulsus alternans fol 
lowing the piematuie beat, wdiich is piobably due to left ventriculai strain us 
was observed in 21 of 42 cases of heart disease, “and the degree o a terna 10 

6 Rosenbaum, F F , Johnston, F D , and Keller, A P Paroxvsmal "V entricu 

Tachycardia m Childhood, Am J Dis Child 64 1030 (Dec) 1942 -p , , , 

7 Ungerleider, H E , and Gubner, R Extrasystoles and the Mechanism of P 
Tr Am Therap Soc 41 1, 1942 
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Influence of Postme, Dings _, Exeicise and Othei Factois on the Electi o cm dto- 
giam — White and his colleagues 130 have leported the finding of an inversion of 
the T waves m lead 2 of the electi ocardiogram as a noimal physiologic variation 
m occasional persons, particularly those of asthenic habitus with vertical heaits 
and with a tendency toward neurocnculatory asthenia The position of the heait 
was the most important factor in producing this inversion of the T waves, which 
was found in the sitting or the standing position and was corrected by recumbency 
01 l:y an elevation of the diaphragm such as that at full expuation Autonomic 
nervous influences comprise another factor, less striking as a rule The relatively 
common normal occurrence of inversion of the T waves m lead 2 makes impel ative 
that one recognize it m order to avoid an erioneous diagnosis of heait disease 

Mayerson and Davis 14 have described the changes in the electi ocardiogram 
of a normal subject when the lattei is passively tilted fiom the horizontal to the 
upnght (75 degiee) position They believe the initial changes are due to a shift 
in the position of the heart and to alterations in its contact with neighbonng tissues 
but that the later changes aie due pnmai fly to increased sympathetic activity 
occasioned by the deci eased venous letum and consequent lelative cerebral anoxia 
Mai erson and Davis do not believe the electi ocardiographic changes they obsei ved 
aie due to anoxemia of the myocardium as do some authors The outstanding 
changes observed were an mciease in the amplitude of P in leads 2 and 3, a 
deciease m the amplitude of T in all leads, a shift of the aveiage QRS axis to the 
right and of the average T axis to the left, and a decrease m the QRST area 
Stewait and Bailey 15 have descnbed the variations m the form of the chest leads 
with change in position and found that as the subject’s posture was changed from 
supine to sitting, to lying on the left side, the outstanding changes consisted of a 
decrease m the amplitude of the R and T waves, which varied concordantly, and 
m many cases a decrease m the amplitude of the S waves 

Hartwell and his associates 10 found that exeicise, epinephime, atropine and 
acetylbetamethylcholme chloride (mecholyl chloride) all had a tendency to lower 
the T waves of the electi ocardiogram, while ergotamme mcieased the amplitude 
of T Pettus and his co-workers 17 found no charactei istic changes m electro- 
caidiograms following the administration of large doses of morphine to normal 
subjects and to patients with heait disease Geiger and his collaborators 18 found 
that a significant lowenng or invasion of the T waves of the electrocardiogram 
occuried during or shortly after massive arsenotheiapy, with a return to the 
noimal within a few weeks Stewart and Smith 10 observed various arrhythmias 
and changes m the T waves and RST segments as a result of the administration 
of potassium salts 

loe White, P D , Chamberlain, F L, and Giaybiel, A Inversion of the T Waves m 
Lead II Caused by Variation in the Position of the Heart, Brit Heart J 3 233, 1941 

14 Mayerson, H S, and Davis, W D, Jr The Influence of Posture on the Electro- 
cardiogram, Am Heart J 24 S93, 1942 _ 

15 Stewart, H J , and Bailey, R L The Effect of Posture on the Form of Precordial 
Leads of the Electrocardiogram, Am Heart J 18 271, 1939 

16 Hartwell, A S , Burrett, J B , Graybiel, A , and White, P D Effect of Exercise and 
of Four Commonly Used Drugs on Normal Human Electrocardiogram, with Particular 
Reference to T Wave Changes, J Clin Investigation 21 409, 1942 

17 Pettus, W W , Geiger, A J , and Grzebien, T Effects of Morphine on the Electro- 
cardiogram of Man, Yale J Biol & Med 14 493, 1942 

18 Geiger, A J , Craige, B, Jr, and Sadusk, J F, Jr Observations on the Massive 
Dose Arseno-Therapy of Early Syphilis by the Intravenous Drip Method II Electrocardio- 
graphic Abnormalities Associated with Massi\e Arsenotherapj , Yale J Biol &. Med 14 357, 
1942 

19 Stewart, H J , and Smith, T J Changes in the Electro-Cardiogram and in the Cardiac 
Rhythm During the Therapeutic Use of Potassium Salts, Am T M Sc 201 177, 1941 
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the sternum) but became piogiessivclv smallci as the tip of the shouklei was 
appioached On the left side tlie deflections (“C-5 pattern”) were relatively large 
neai the heart m the C, aiea (fifth intei costal space in the left anterior axillary 
line) but became smallei as the left shouklei tip was approached Because lead 1 
repiesents the subtraction of the C, fiom the C- pattern, which are chiefly derived 
from different paits of the heait, and after each has undergone dcciement, it 
seems reasonable to suppose that the stud} of the C t and C, patterns scpaiately 
should prove valuable Wolfeith and his associates admittedly have made only a 
beginning with this new method but its possible advantages seem very impoitant 

Nahum, Hoff and Kaufman nb have now reported obscnations on the nature 
of the Q and S waves These obscnations form part of a more extended work, 
previous!) lepoited, 12 on the genesis of the noimal and of the abnormal electro- 
cardiogram m expenmental animals Hie) found that the downstroke of is 
produced by eaily electrical activitv in the anterior surface of the left ventricle 
and the upstioke by electrical activit) in the postenor surface of the right ventricle, 
while the downstroke of Q n is produced by catly electrical activit) in the posterior 
surface of the left ventricle and the upstroke by excitation of the anterior surface 
of the light ventricle The downstroke of S 3 develops with the complete activation 
of the postenor suiface of the left ventricle while a portion of the anterior surface of 
the right ventricle is not yet active, and the upstroke of S 3 occurs when the 
remaindei becomes active and restores isopotentiality S, piobably arises fiom a 
similai sequence of excitation in the antenor surface of the left and the postenor 
surface of the right ventncle These findings aie vvholl) in accord with their 
previous observations that lead 1 is foimed b) the summation of the anterior 
levocai diogram and the postenoi dcxtrocardiograin and lead 3 by the summation 
of the anterior dextrocardiogi am and postenor lev ocardiogram 

Fetal Elect) ocauhoqi aphy — The recording of the electrocardiogram of the fetus 
has passed from the stage of medical curiosity to that of practical clinical applica- 
tion Recent studies 13 have shown that b) the use of piopcr technics fetal elec- 
trocardiograms may be obtained from the fourth month until the end of pregnancy 
The obtaining of records earliei m pregnancy, desirable though this may be, is 
not likely to prove successful because of the shielding effect of the membranes 
and the amniotic fluid The percentage of positive results increases with the 
length of pregnancy, and in the last month failures are lare The curves do not 
have the same configuration as those from adults, and interpretation is made still 
more difficult because of artefacts Nevertheless a number of measurements can 
be made Fetal heaits generally show sinus arihythmia and may show extra- 
systoles and varying degrees of heart block Theie is little change m the fetal 
heart rate from the fourth month to the end of pregnancy, and there is no con ela- 
tion between the fetal heart rate and the maternal heart late or the sex of tie 
fetus This method is useful in the clinical study of effects of various drugs anc 
procedures on the fetal heart 

11 (a) Hoff, H E , Nahum, L H , and Kaufman, W The Nature of Q-l and Q-3, Am 

J Physiol 135 752, 1942 (b) Nahum, L H , Hoff, H E , and Kaufman, W The Nature 

of the S Complex of the Electrocardiogram, ibid 136 726, 1942 

12 Graybiel, A, and White, P D Diseases of the Heart A Review of Significant 
Contributions Made During 1941, Arch Int Med 70 303 (Aug ) 1942 

13 (a) Goodyer, A V N , Geiger, A J , and Monroe, W M Clinical Fetal Electro- 
cardiography, Yale J Biol & Med 15 2, 1942 (b) Bernstein, P , and Mann, H A Uinicai 

Evaluation of Fetal Electrocardiography, Am J Obst & Gynec 43 21, 1942 (c) Mann, , 

and Mayer, M D The Uterine Electrocardiogram, J Mt Sinai Hosp 8 805, 1942 ( ) 

Ward, J W , and Kennedy, J A The Recording of the Fetal Electrocardiogram, Am Heart 
J 23 64, 1942 
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patients with congenital heait disease should be evaluated m much the same 
fashion as other cardiac patients so far as pregnancy is concerned To this 
general rule they make two exceptions (1) Piegnancy in patients with coai ela- 
tion of the aorta is attended by so great a risk that it should be avoided oi 
mteriupted, and (2) special precautions should be taken with patients in whom 
there exists the possibility of a leversal of an arteno\enous shunting of blood 

Prinzmetal 22 has described an ingenious method foi determining whether or 
not a venous-arterial shunt is present m patients with congenital heait disease 
and the appioximate magnitude of the shunt One-half cubic centimetei of a 
50 per cent solution of ether is injected into the antecubital vein with a needle 
of large hore (14 to 16 gage), and the interval between the time of injection and 
the moment the patient feels a prickly burning sensation in the face is lecorded 
In the absence of a venous-aiteiial shunt this facial sensation is not experienced 
because all the ether is eliminated by the lungs In the event a shunt has been 
demonstrated, the obseiver injects a 50 per cent solution of saccharin, beginning 
with 0 1 cc and successively increasing the dose by 0 1 cc until the smallest amount 
which the patient can taste is detei mined If 50 per cent or more of the circulat- 
ing blood enters the shunt, the “saccharin time” will approximate the “ether time ” 
If the foimer is considerably longer than the latter, it can be concluded that moie 
than half of the blood goes through the regulai channel, and the approximate 
percentage can be calculated as follows Inject successively larger amounts of 
saccharin until the point is reached at which the circulation time suddenly becomes 
shoiter This indicates that the injection is large enough to permit a detectable 
quantity of saccharin to leach the tongue by way of the shunt The approximate 
volume of the shunt ( K ) can be determined by means of the formula K =-A~ 
m which a is the smallest amount of saccharin which can be tasted in the longei 
cn culation penod and c the smallest amount of saccharin that can be tasted in 
the shorter period 

Coarctation of the Aoita — Stewart and Bailey 23 have reported their studies 
on 14 patients with coaictation of the aorta The cardiac output was measured 
m 9 of the patients, and the output per square meter of body surface vas found 
to be increased in 4 (2 85 to 3 45 liteis), noimal m 4 (1 93 to 2 10 liters) and 
decreased ml (1 61 liters) The basal metabolic rate was increased in 3 of 
the 9 patients, but the circulation time was not shortened as it is in patients with 
hyperthyroidism The circulation time was within or near normal limits above 
the level of coarctation but was piolonged below this level in most instances It 
is of interest that the most constant of the characteristic signs of coarctation was 
a higher systolic blood piessure m the arms than in the legs The one exception 
to this rule was observed in a patient with only slight narrowing at the site of 
coaictation, whose condition was not diagnosed during life Stewart and Bailey 
confirm the finding of Steele that the increase m penpheral lesistance need not 
be confined to the upper half of the body but may be geneialized and that undei 
these circumstances so fai as the distribution of peripheral arteriolar resistance 
is concerned, the artenal hypei tension in coarctation of the aorta does not differ 
from the common forms of arterial hypertension 

Patent Ductus Aitenosus — The cure of bacterial infection superimposed on 
patent ductus aitenosus represents a dramatic achievement The results of Touroff 
1 

22 Prinzmetal, M Calculation of the Venous-Arterial Shunt m Congenital Heart Disease, 

J Clin Ini estigation 20 705, 1941 

23 Stewart, H J, and Bailej, R L, Jr The Cardiac Output and Other Measurements 
of the Circulation m Coarctation of the Aorta J Clm Imestigaticn 20*145, 1941 



720 


ARCHIVES 01 INI CRN 4L MEDICI h E 


CARDIOVASCULAR ROENTGENOLOGV 

Comeau and While 10 " have made a cntical anal} sis of the standard methods ol 
estimating the size of the heait from locnlgcn nieasuicments Then most 
important conclusion is that the range of si/e of the nonnal heait is great and has 
not yet been adequately detei mined in loentgcn studies More suitable standaids 
foi comparison with the aiea of the loentgcn heait shadow than height, weight 
and body suiface aie needed, and probably measuicmcnts of hod} build of one 
kind or anothei will eventually help to solve the pioblem The authors state that 
a companson of the tians\eise diameters the fiontal arcus and the -volumes ot 
200 normal hearts (150 fiom males and 50 fiom females) leads one to conclude 
that the tiansverse diametei of the heait compaies f«T\ orabh with the other actual 
cardiac measurements and is the most satisfacton fiom the clinical standpoint The 
application of cardiac tians\ci sc diameters to prediction tables by the use of 
the Hodges-Eyster figures is iccommendcd with a new to discarding the othei 
measuiements, such as the cardiothoiacic ratio The measurement of the frontal 
area, although fan ly satisfactory, was found less suitable, since it is not so 
completely an objective measurement Prediction tables for the transceise diametei 
based both on orthodiographic and telcoioentgenogiaphic measurements are now 
av ailable 


COXGLXITAL HEART DISEASE 

Gelfman and Lewne 20 have determined the incidence of bacterial endocarditis 
and endaiteritis in cases of congenital heait disease based on an anal} sis of 34,023 
autopsy protocols in four laige hospitals of Boston There were 453 cases (1 3 
pei cent) of congenital heait disease, of which 6 6 per cent showed supei imposed 
bacterial infection Pknvevei, 272 (60 pci cent) of the 453 congemtall} abnonnal 
hearts were from patients wdio died before the age of 2 }ears, and a complicating 
caidiac bacterial infection had developed m only 5 of these The incidence of 
bactenal endocarditis in the remaining 1S1 cases was found to be 16 6 per cent, 
and these cases are separately considered as follows Bacterial infection was not 
present m any cases of intei auricular septal defect but was present in 42 per cent 
of all and 57 per cent of the uncomplicated cases of interventricular septal defect , 
in 28 per cent of all and 20 pei cent of the uncomplicated cases of patent ductus 
arteriosus, in 21 2 per cent of cases of bicuspid aortic valves, in 29 per cent of 
cases of pulmonary stenosis and m 2S 6 pei cent of cases of the tetralogy of Fallot 
It is of interest that 25 of the 181 cases of congenital defect weie complicate 
by rheumatic infection, and subacute bacterial endocaiditis was present m o 
these 25 and vvas solely on the site of the rheumatic lesion m 5 

Mendelson and Pardee 21 have reported then expenence with pre^nan 
patients who had congenital heart disease The 20 cases P ei 

of 1,089 instances of organic heait disease m approximately 31,000 o ste nc cas 
The particular defects m these cases weie labeled as follows pu monaiy s enosi 
8 cases, interventricular septal defect in 4, coarctation of the aoi a m , P a 1 
ductus arteriosus m 2, patent foramen ovale in 1, congenital e ec , unc assi 
m 2 Only 1 patient had congestive failure during pregnancy , ie i em l 
mg 19 did not appeal to suffer any ill effects From a review o ie piewousy 
reported cases as well as then own, Mendelson and ar ee cone u e la 

7 n F -sir T 1 ixri. i rj -n A Critical Analysis of Standard Methods of 

19a Comeau, W J, and White, P D A erincai 1047 

Estimating Heart Size from Roentgen Measurements, Am J Roen g > 

20 Gelfman, R , and Levine, S A The Incidence of Subacute Bacterial Endocarditis m 

Congenital Heart Disease, Am J M Sc 204 324, 1942 n Prwnann- 

21 Mendelson, C L , and Pardee, DEB Congenital Heart Disease Dunn 0 Pregnancy, 

Am J M Sc 202 392, 1941 
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ular axis is such that the left amide occupies a definitely more cephalad position 
than the light Fuithei, the plane of the foramen ovale (septal defect) is almost 
horizontal, and not veitical as it is commonly represented With the disposition 
of the chambeis and the septal defect in this relation, filling of the right auricle is 
accomplished by the usual caval flow and by a gravitational flow through the 
communication m the flooi of the supenoily placed left auricle Dilatation of 
the light auncle results, and, in due time, the right side of the heait shows 
dilatation and hypertrophy, wheieas the left auricle and ventncle, which play 
almost no lole in these events, remain essentially unaffected The aorta becomes 
hypoplastic because of the deci eased systemic volume of blood The pulmonary 
arterial tiee, on the other hand, necessarily dilates to accommodate the mci eased 
volume of blood m the lesser circuit The presence of initial stenosis simply 
exaggerates the flow diffeiences 

RHEUMATIC HEART DISEASE 

The most impoitant recent advance with respect to rheumatic heart disease 
is the piling up of evidence that recrudescences may be prevented by the use of 
one or other of the sulfonamide drugs It may almost be stated as a fact that 
lecurrences of rheumatic activity may be pi evented in ovei 90 per cent of those 
so treated and that the natural history of the disease, as a consequence, may 
undergo a substantial change 

Kuttner and Reyersbach 28 have can led out a careful study, the i esults of which 
confirm the fact that streptococcic infections of the upper respiratory ti act and rheu- 
matic relapses m rheumatic children aie prevented by the prophylactic adminis- 
tration of sulfanilamide Their studies were carried out during two successive 
winters on rheumatic children living m an institution There was every facility 
for daily clinical observation and loutme bactenologic studies 

The 108 rheumatic children were caiefully divided into two gioups matched 
as closely as possible with regaid to age, sex, number of previous rheumatic attacks 
and cardiac findings Beginning in October and continuing until the following 
June, those in one group received daily doses of sulfanilamide During the first 
winter, 1 to 2 Gm (depending on weight) was given m -divided doses, and an 
average blood level of 2 mg per hundred cubic centimeters was maintained During 
the second winter the dose was slightly less, and the average blood level was 1 5 mg 
per hundred cubic centimeters 

During the first winter 30 of the 54 children in the control group contracted 
pharyngitis due to group A hemolytic streptococcus type 15 Following a latent 
period varying from three to twenty-one days, 14 of these 30 had definite lheumatic 
recurrences, and an additional 4 had questionable recurrences In conti ast to 
this, only 1 child m the treated group contracted phaiyngitis due to the type 15 
streptococcus, the admmistiation of the drug was continued, and no rheumatic 
sequelae developed 

During the second winter 17 clnldien in the control gioup of 50 piesented 
pharyngitis due to an unidentified type of group A hemolytic streptococcus 
Following a latent period varying from ten to eighteen days, 9 of these 17 children 
had definite lheumatic recurrences and 1 a questionable lecurrence Only 1 child 
m the control group had pharyngitis due to the same organism and, following a 
latent penod, mild rheumatic manifestations 

Toxic reactions developed m 15 per cent of the children receiving the drug, the 
others toleiated the drug well 

28 Kuttner, A, and Rejersbach The Pie\ention of Upper Respiratory Infections and 
Rheumatic Recurrences m Rheumatic Children b\ the Proph\ lactic Use of Sulfanilamide, J 
Clin Investigation 22 77, 1943 



722 


ARCHIVES Of INTERNAL MEDICI \L 


and his associates 21 indicate that following the ligation of the ductus cure is the 
rule and failuie to cuie the exception Similarly guod lesults have been obtained 
by otheis who have followed Tourofi’s lead, and additional repoits may be expected 
soon 

The extiaoidinaiy fcatuie of this treatment is that simple ligation of the ductus 
should lesult m cuie of the bactciial infection The vegetations ate rarely confined 
to the ductus, and even when they are, ligation 01 diusion of the ductus would 
not remove all of the vegetations oi dcstioy all of the bacteria Touroft, 21 in 
describing the effects of opeiation, speculates on this matter He points out that 
after occlusion of the ductus healing of icgetations presumably occuis as a result 
either of the alteiation of local mechanical factois 01 of changes m nutrition oi 
of both One thcoiy is that the organisms die because they no longer enjo\ 
the protection of the fibrin which w'as continuously precipitated by the action ot 
swirling cunents of blood Anothei thcoiy is that the growth of organisms in 
the ductus and the pulmonaiy aiteiy is fa\ored by the high ox}gen content of 
the shunted blood and that an adequate supply of oxygen is lacking after the 
shunt it closed It may be pointed out, howetet, that Sticptococcus vindans 
infection may complicate other tjpes of congenital defects m which the oxtgen 
satuiation of the arterial blood is low' 

Fuither leports- 5 on the opeiativc cuie of uncomplicated patent ductus arteri- 
osus continue to show' good results 

Iiitoaw lculaj Septal Deject — Tmney and Baines 20 have presented the findings 
in 4 additional cases of intei auricular septal defect, 2 of which weie complicated 
by mitral stenosis One of the latter was fuither complicated by subacute bac- 
terial endocaiditis, and at necropsy a large \egctation was found directly in the 
mterauricular septum For some reason subacute bacterial endocarditis is an 
extraordinarily rare complication in cases of mterauricular septal defect, this being 
the second recorded instance, even here the primary lesion may hate been on the 
mitral valve, as this too w r as involved 

Uhley 27 has presented a new' concept of the d> nanucs of internui icular septal 
defect based on a cori elation between hydraulic principles and anatomic considera- 
tions He criticizes the curicnt view' that preponderant dilatation and liyper- 
tiophy of the right ventncle and auricle aie caused by shunting of blood through 
the communication, w’hich in turn results fiom highci pressure in the left than 
m the right auricle Uhley review's the anatomic evidence showing that the auric- 

24 (a) Touroff, A S \V The Rationale of Operative Treatment of Subacute Bacterial 

Endarteritis Superimposed on Patent Ductus Arteriosus, Am Heart J 23 84/, 194 , t / 
Blood Cultures from the Pulmonary Artery and Aorta in a Patient with Infected Patent uc u 
Arteriosus, Proc Soc Exper Biol & Med 49 568, 1942 (c) Touroff, A s W, and _tuc - 

man, L E Subacute Streptococcus Viridans Endarteritis Superimposed on Paten U( - 
Arteriosus Spontaneous Recovery Recurrence After Twelve Years, Reco\ery vo cm a 
Surgical Treatment, Am Heart J 23 857, 1942 ( d ) Touroff, A S W , Vesell, . an 
Chasnoff, J Operative Cure of Streptococcus Viridans Endarteritis Superimposed on wen 
Ductus Arteriosus Report of the Second Successful Case, JAMA 118 890 (Marci ) 
1942 r A 

25 Johnson, J , Jeffers, W A, and Margohes, A The Technique of the Ligation o i 

Patent Ductus Arteriosus, J Thoracic Surg 11 347, 1942 Bourne, G Changes m vena 
Function and Persistence of the Murmur After Ligation of Patent Ductus Arteriosus, ri 
Heart J 3 228, 1941 Dolley, F S , and Jones, J C The Surgical Treatment of Persistently 
Patent Ductus Arteriosus, Brunn, Med -Surg Tributes, 1942, p 123 Nixon, J vV Biga i 
of the Patent Ductus Arteriosus Successful Case, Surgery 12 31, 1942 ,, 7 

26 Tinney, W S , and Barnes, A R Interauricular Septal Defect, Minnesota Med oo/, 

27 Uhley, M H Lutembacher’s Syndrome and a New Concept of the Dynamics of 
Interatrial Septal Defect, Am Heart J 24 315, 1942 
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They found that lest in bed foi a year 01 more lesults in a significant decrease in 
the size of the heart, that biadycaidia (1 case) resulted m a slight but definite 
enlargement and that tachycardia up to rates of 180 to 200 produced no change m 
size but that rates over 200 may lesult in considerable cardiac enlargement if long 
continued Keith and Brick then studied the changes in the size of the heait during 
the various stages of a single attack of rheumatic fever in 100 patients Fiom 
two to twelve roentgenograms were taken on each patient, and the caidiac surface 
aiea on admission was compared with that when progiessive change had ceased 
to occur They found that m 33 of the patients the heart became larger, m 18 it 
lemamed unchanged and in 49 it became smaller If the patients with pencaiditis 
ai e left out, the average mci ease was 8 sq cm , which was approximately the same 
as the average deciease, which was 9 sq cm The time required for the maximal 
ch?nge to occur was approximately the same (over five months) whether the heait 
became larger or smaller, indicating that the change is not a sudden process The) 
found that the heart muscle shows gi eater lecuperative powers than the heait 
valves and that valvular damage may occur without enlargement of the heait 
Cnteria are piesented which should aid in the differential diagnosis of cardiac 
dilatation and pericarditis with effusion and carditis and valvulitis 

BACTERIAL ENDOCARDITIS 

Sti eptococcus Vindans Endocauhtis — Hundreds of patients with Str vindans 
endocarditis have been treated with one or other of the sulfonamide drugs and 
sometimes with one of these drugs in combination with hepann, dicoumann, 
hyperthermia or typhoid vaccine Piobably all or neaily all of the cuies aie 
lepoited, while many of the failuies are not If consideiation is given to the 
possible error m diagnosis, the rare spontaneous lecovery and the possibility 
of late i elapse (some of the cures have not been followed foi long), the treatment, 
though more effective than in the days before the introduction of the sulfonamide 
compounds, is still disappointing The high percentage of cures reported by Smith, 
Sauls and Stone 33 fiom a review of the literature does not provide an adequate 
picture The expenence of some investigators suggests that none of the vanous 
adjuncts to chemotherapy as yet reported are of proved value or, at least, to be 
lelied on, though further studies are indicated The single very favorable exception 
is in patent ductus aiteriosus, in which ligation of the ductus forms part of the 
ti eatment 34 

A rational approach to chemotheiapy has been presented by Orgam and Poston, 3 ' 
who find not only that there are a large number of viridans strains but that there 

Independent Factors in Auricular Mural Thrombus Formation, Am Heart J 24 1, 1942 ( d ) 

Cohn, A E, and Lingg, C The Natural History of Rheumatic Cardiac Disease, Mod 
Concepts Cardiovasc Dis , 1942, vol 11, no 7 ( c ) Console, A D The Relation of Cardiac 

Lesions to Clinical Course of Rheumatic Fever, Arch Int Med 69 551 (April) 1942 (/) 

Juster, I R The Relationship of Upper Respiratory Infections to Rheumatic Activity in 
Chiomc Rheumatic Heart Disease, Ann Int Med 16 1137, 1942 ( g ) Burgess, A M, and 

Ellis, L B Chest Pam m Patients with Mitral Stenosis, with Particular Reference to 
So-Called “Hypercyanotic Angina,” New England J Med 226 937, 1942 

33 Smith, C , Sauls, H C , and Stone, C F Subacute Bacterial Endocarditis Due to 
Streptococcus Vindans A Survey of the Present Status of the Previously Reported Cures and 
a Clinical Study of Fifteen Treated Cases, Including Another Cure, TAMA 1X9 478 
(June 6) 1942 

34 Footnotes 24 and 25 

35 Orgam, E S , and Poston, M A Sulfonamide Compounds m Therapv of Bacterial 
Endocarditis, Arch Int Med 70 777 (Nov ) 1942 Poston, AI A , and Orgam, E S \ 
Comparison of the Bacteriostatic Effect of the Sulfonamide Drugs upon the Growth of Tuenti- 
Five Strains of Streptococcus Viridans, Am T M Sc 203 577, 1942 
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Kutlnei and Re)eisbach rightly point out that their icsults indicate not onl> 
the effectiveness of sulfanilamide m pi eventing stieptococcic infections of the 
upper respnatory tiact and lecuirences of ihcumatic fc\er but that infection with 
group A hemolytic stieptococcus is an important fuctoi in the etmlogv of rheumatic 
fevei 

Hansen, Platou and Dwan 20 also obtained strikingly good results bv 
admmisteiing sulfanilamide oi, m a few instances, sulf.itlua/olc (2-[paiaamino- 
benzenesulfonamido] -tlnazole) oi sulfadiazine (2-fpaiaaminobcnzencsulfonamido]- 
pyumidme) to 53 children with lheumatic hcait disease from October into June 
Only 2 of the 53 tieated childien expeneneed a recmrcncc of rheumatic activity 
while of the 32 control childien 17 experienced 21 rcuurcnces, although there 
was no diffeience m the number of infections of the ttppci lespiratory tiact in the 
two gioups These results vveie m full aceoid with otlici clinical featuies which 
indicated that the tieated gioup tended to be in better condition 

Coburn and Mooie 30 have investigated the pi oph) lactic value of salicylates m 
preventing rheumatic lecurrenccs Childien with quiescent rheumatic heart disease 
were asked to report to the clinic at the onset of am attack of pharyngitis, at which 
time cultures of material fiom the tin oat weie made, and a daily lation of 4 to 6 
Gm of salicylates was begun i! the cultuics contained an oigamsm other than 
group A hemolytic streptococcus, the treatment was discontinued and the patient 
omitted from the stud) All but 1 of 47 patients tieated with sahc) lates escaped 
clinical manifestations of rheumatic fe\er while 57 of 139 contiols suffered rcctir- 
lences The reviewers are not aware of am comparable stiuh showing th.it the 
salicylates have an) great -value in pi eventing ihcumatic lecurrenccs The 
advantages of then use, if continued, are obvious, especially the advantage that they 
ma) be successfully used during oi immediately after the first phase (respirator) 
infection), at which time the sulfonamide compounds aic not only valueless but 
conti amdicated 

\\ asson and Brown 31 have lepoited then furthci studies on immunization 
against rheumatic fever Treatment consisted essentially in repeated injections of 
graduated doses of crude or modified hcmolvtic streptococcus toxin (N Y 5 
strain) Patients so treated and followed ovei a period of years have had fewei 
lecuirences than controls and, if then disease became active, had less seveie 
symptoms So far as prevention of lecuriences is concerned, this method is more 
troublesome and the results not so good as when the sulfonamide compounds are 
given 

There have been a numbei of articles 32 dealing with various clinical phases of 
lheumatic fever winch are of interest Of especial importance is the report of 
Keith and Brick 32a on the changes in the size of the heart with active rheumatic 
infection In preparation for their work with patients suffering fiom rheumatic 
fever they observed the effect of rest m bed and of heart rate on noimal controls 

29 Hansen, A E , Platou, R V, and Dwan, P F Prolonged Use of Sulfonamide 
Compound m Prevention of Rheumatic Recrudescences in Children Evaluation Based on hour 
Year Study in Sixty-Four Children, Am J Dis Child 64 963 (Dec ) 1942 

30 Coburn, A F, and Moore, L V Salicylate Prophylaxis in Rheumatic Fevei, J 
Pediat 21 180, 1942 

31 Wasson, V P , and Brown, E E Further Studies on Immunization Against Rheumatic 

Fever, Am Heart J 23 291, 1942 ^ . 

32 (a) Keith, J D , and Brick, M Changes in the Size of the Heart m Children vvitn 

Rheumatic Fever, Am Heart J 24 289, 1942 (£>) Levine, S A , and ICauvar, A J the 

Association of Angina Pectoris or Coronary Thrombosis with Mitral Stenosis, J Mt mai 
Hosp 8 754, 1942 (c) Hay, W E , and Levine, S A Age and Auricular Fibrillation as 

(Footnote continued on next page) 
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to point out moie than some of the lecent advances and the piesent tiend m 
research In doing this it is important to separate fact fiom theory and to keep 
cleaily m mind that theie may be important differences between the mechanism 
of the experimental production of hypertension m animals and the mechanism of 
its occuirence m man 

Expenmental Hypotension — There is no leason to doubt that constriction of 
the lenal arteiies m various animals may lead to permanent hypertension due to 
a humoral mechanism of renal origin There is good evidence that this hypei 
tension is due to the libeiation of a substance, lemn, which interacts with anothei 
substance, renin activatoi 01 hypertension precursor, to form the effective vaso- 
constrictor agent named angiotonm (Page) 01 hypertensm (Braun-Mendenez) 

Goldblatt and his associates 39a,E have found that an adequate amount of adienal 
cortical tissue is necessary for the liberation or foimation of renm activator (hyper- 
tensm precursoi ) , as it almost disappeai s from the systemic blood of untreated 
adrenalectomized dogs but returns following the administration of desoxycoi ticos- 
terone acetate Previous observations by Page on adrenalectomy m experimental 
hypei tension led him to conclude that the adrenal glands were not directly 
concerned There is general agreement, however, that the action of renm is 
not affected by hypophysectomy (recently confirmed by Goldblatt and his 
cowvorkers 40 ), thyroidectomy, pancreatectomy or gonadectomy 

Much evidence has been adduced m the past to the effect that the vaso- 
constriction produced by angiotonm is similar to that observed in expenmental 
hypertension The recent observations of Abell and Page 41 confinn this By 
means of moat chambers they were able to observe directly the small vessels m 
rabbits’ ears during the development of experimental renal hypertension They 
found that the arterioles became permanently constricted, although not sufficiently 
to obstruct the blood supply This constriction occurred whether or not the 
vessels w r ere supplied with nerves and must therefore have been due to the direct 
action of some substance Similar arteriolar responses followed the intravenous 
injection of angiotonm 

It has also been showm that changes m the mtrarenal circulation ma}'' be similar 
m experimental hypertension and after the injection of angiotonm Since the 
clearance of diodrast may be decreased while clearance of muhn is w r ell maintained, 
the characteristic change m mtrarenal circulation is thought to consist of a decrease 
m lenal blood flow but an increase m pressure m the glomerular capillaries 

It has furthei been showm that repeated injections of renm lead to progiessive 
decrease m response because of exhaustion of renm activator (or hypertensm 
precursor) This phenomenon, called tachjqffiylaxis, has been thoroughly con- 
firmed 

With regai d to the reaction of angiotonm with some further substance there 
is some difference of opinion Page has postulated a system of angiotonm 

Nephrectomy, New England J Med 228*277, 1942 (/) Page, I H Nature of Arterial 
Hypertension, J Missouri M A 39 237, 1942 ( g ) Goldblatt, H , Kahn, J R , and Lewis, 
H A Studies on Expenmental Hypertension XVII Experimental Obsenations on the 
Treatment of Hypertension, JAMA 119 1192 (Aug 8) 1942 

40 Goldblatt, H , Braden, S , Kahn, J R , and Hoy t, W A Studies on Experimental 
Hypertension XVI The Effect of Hvpopln sectom\ on Experimental Renal II\ pertension, J 
Mt Sinai Hosp 8 579, 1942 

41 Abell, R G , and Page, I H The Reaction of Peripheral Blood Vessels to Angiotonm, 
Renm, and Other Pressor Agents, J Exper Med 75*305, 1942, Effects of Renal Hypertension 
on the Vessels of the Ears of Rabbits, ibid 75*673, 1942 
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is a gieat valuation in the susceptibility of each stiain to the tanous sulfonamide 
diugs They found that sodium sulfapt inline (monoinch ate sodium salt of 
2-[paraammobenzenesulfonamido]-p} iidme) exhibited the most maikcd eficcme- 
ness against the gieatest number of stiains and that piehminar) in vitro tests are 
piobably of value in detei mining the ding of choice 

Bacicual Eudocauhtis Due to Oiqamvns Othn 'Ikon S'/? Vvidans — A 
numbei of interesting cases ha\e been icpmtcd 1,1 in some of which cuies were 
obtained by the use ol sulfonamide chugs Of paiticulai mtciest aic the reports 37 
ot 2 cases of mjcotic endocaiditis Onh C eases of this condition hate thus far 
been lepoited in the medical htcialuic, and 5 of the 6 patients were ding addicts 
(heioin) Contaminated heiom (diaeehl moiphme) is considered to he a likeh 
souice of infection Clinically the cases aie chaiactci l/ed In lather slow progres- 
sion with little fetei but with dc\clopmcnt of focal lesions, especial!} m the brain 
Pathologicall} the -vegetations arc grafted on searied oi damaged heart \al\es and 
are lesponsible foi multiple embolic phenomena The sulfonamide compounds are 
of no value 

Goulder and his associates 38 luue lepoited in detail a case of Salmonella 
suipestifei endocaiditis and have brief!} renewed the 3 prenoush repoitecl cases 
The endocaiditis was superimposed on pienous damage to the heait valves m 3 
cases, due to rheumatic infection in 2 and to s}phihlic infection in 1 The clinical 
course was rapidly progressne in each case and characterized In chills and high 
fe\er, prostration, bacteremia and leukocytosis (an unusual finding in uncomplicated 
suipestifei bacteremia) Embolic phenomena and changing heait murmurs 
occurred in 3 of the 4 cases 

ARTERIAL H\ PERTrKSIOX 

The laige numbei of studies lepoited on the mechanism ot arterial Inper- 
tension in animals and the clinical counterpait in man do not lend themselves to 
bnef leview For a complete account of the present status of the nature of arterial 
hypertension and its tieatment reference should he made to the lanous review 
ai tides wdnch have appealed duiing the past teat ' ,p At this time one cannot hope 

36 Glazebrook, A J, and Thomson, S Sulfonamide Compounds and Acute Rheumatism 
J Hyg 42 20, 194-2 Keith, H M , and Heilman, F R Subacute Bacterial Endocarditis 
Due to the Hemolytic Streptococcus Eanccficld Group G, Proc Staff Meet, Mn\o Chn 17 3SS, 
1942 Blumberg, N , Heme, W I, and Lipshutz, J Pneumococcus (Type XXVIII) Endo- 
carditis with Recovery, JAMA 120 607 (Oct 24) 1942 Orgam, E S, and Poston, M A 
Mixed Infections in Bacterial Endocarditis, Am Heart J 23 823, 1942 Hamburger, M , Jr > 
Schmidt, L H , Ruegscgger, J M , Scsler, C L, and Grupcn, E S Sulfonamide Resistance 
Developing During Treatment of Pncumococcic Endocarditis, JAMA 119 409 (Mav o ) 
1942 

37 Pasternack, J G Subacute Monilia Endocarditis, Am J Chn Path 12 496, > 

Wikler, A , and others Mycotic Endocarditis Report of a Case, JAMA 
(May 23) 1942 

38 Goulder, N E , Kingsland, M F , and Janeway, C A Salmonella Suipcstifer Infection 

m Boston A Report of Eleven Cases with Autopsy Findings in a Case of Bacterial En o- 
carditis Due to This Organism, and a Study of the Agglutination Reactions in This Infection, 
New England J Med 226 127, 1942 ' , 

39 (a) Goldblatt, H , Lewis, H A , and Kahn, J R The Pathogenesis and Treatment 

of Hypertension Experimental Observations, in Nelson Loose Leaf Medicine, New orv , 
Thos Nelson & Sons, 1942 ( b ) Page, I H Studies on the Mechanism of Arterial Hyper 
tension, JAMA 120 75 7 (Nov 7) 1942 (c) Wintermtz, M C Some Aspects ot tne 

Relation of the Kidneys to Cardiovascular Disease, J Iowa M Soc 32 157, 1942 (a) 

H A, and Goldblatt, H Studies on Experimental Hypertension, Bull New York Acad Mea 
18 459, 1942 (<?) White, B V , Durkee, R E, and Mirabiie, C Renal Hypertension A 

Review of Its Status, Including the Report of a Case of Hypertension Relieved Alter 
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lecent lefeiences to such conditions die listed below 47 These conditions piobably 
lepiesent the clinical counteipait of expemnental lenal hypertension 

With lespect to essential hypei tension, the causal 1 elation to the kidneys is not 
wholly clear but a concept of the mechanism and of the pait the kidneys play has 
been summanzed by Schioedei 48 He begins by pointing out the well known fact 
that individual susceptibility is an impoitant factoi m the development of essential 
hypei tension and that this susceptibility is usually declai ed by an excessive vascular 
lesponse to emotional stimuli This “defect” may be hereditary or the result of 
eaily environmental influences He then points out that the injection of epinephrine 
hydiochlonde lesults in piolonged renal vasoconstnction and that psychic stimu- 
lation (anxiety) can appaiently do the same The possibility therefore exists 
that often lepeated or piolonged ps)Hnc stimulation in predisposed persons may 1 
cause a sufficient degiee of renal ischemia to lesult in hypei tension Such hypei - 
tension would be temporaiy at fiist but after a time might lead to permanent 
In pei tension as a lesult of damaging the lenal aitenoles Schioeder believes that 
the foiegomg concept may account foi the vanations m the clinical couise so 
fiequentiy obseived 

Tieatment of Essential Hype) tension m Man — Theie is little which is new' to 
report with lespect to the tieatment of essential hypei tension Potassium sulfo- 
cjanate continues to enjoy consideiable favor despite occasional untoward effects, 
and it is said to be paiticulaily effective following splanchmcectomy Fuithei 
experience with extracts of kidney tissue have yielded disappointing results, and 
the geneial opinion is that these extiacts are no more effective than aie ceitam 
other oigan extracts Tyrosinase appaiently causes lowering of the blood pressuie 
but not by its enzymatic action, fuither trial is warranted The most consistently 
good results hat^e been obtained following splanchmcectomy with use of the newei 
technics In propeily selected cases the results are indeed giatifymg, and ivork 
carried out by Smithwick in Boston, as yet unpublished, has already achieved 
impoitant results 

CORONARY HLART DISEASE 

P) ecipitahng Factoi s of Myocardial Infarction — All cai diologists agree that 
myocardial infaiction may be precipitated by certain specific events, but there 
is unde disagreement with regard to the nature of some of these events and the 
fiequency of their occurience This question is of great and immediate clinical 
importance foi at least two reasons (1) the desire properly to advise patients 
known to have or suspected of having coronaiy heart disease how best to avoid 
cardiac infarction and (2) the medicolegal aspects concerned in the relation of 

47 Simonds, J P Renal Pathologic Changes in Hypertension and Glomerulonephritis, 

JAMA 120 89 (Sept 12) 1942 Braasch, W F Surgical Kidney as Etiologic Factor m 
Hypertension, Canad M A J 46 9, 1942 Fishberg, A M Hypertension Due to Renal 

Embolism, JAMA 119 551 (June 13) 1942 Farrell, J I, and Young, R H Hyper- 
tension Caused by Unilateral Renal Compression, ibid 118 711 (Feb 28) 1942 Hoffman, B J 
Renal Ischemia Produced by Aneursym of Abdominal Aorta, ibid 120 1028 (Nov 28) 1942 
Wilson, C L, and Chamberlain, C T Unilateral Renal Ischemia Associated with Hyper- 
tension, J Urol 47 421, 1942 Baer0e, K Hypertension as Result of Renal Ischemia m 

Dissecting Aneurysm of Aorta, Nord med (Norsk mag f lsegevidensk ) 12 * 3408 , 1941 
Prinzmetal, M , Hiatt, N, and Tragerman, L J Hypertension in a Patient with Bilateral 
Renal Infarction Clinical Confirmation of Experiments m Animals, JAMA 118 44 
(Jan 3) 1942 Friedman, B , Moschkowitz, L, and Marrus, J Unilateral Renal Disease 
and Renal Vascular Changes in Relation to Hypertension in Man, J Urol 48 5, 1942 
Everett, H S , and Scott, R B Possible Etiologic Role of Gynecologic Lesions in Pro- 
duction of Hypertension, Am J Obst & Gynec 44 1010, 1942 

48 Schroeder, H A “Essential” Hypertension A Concept of Its Mechanism, Am T M 
Sc 204 734, 1942 
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activators and mhibitois, while Biaun-Mendenez, Fasciolo and otheis believe that 
hynertensin is destiojed by a substance of the nature of an en/yme which is piesent 
in nonnal seium and which they named hypetlensinase That the kidnets aie the 
mam souice of this mhibitoi of angiotonm (01 In pei tensmasc) is shown In 
the fact that aftei bilateial nepluectomy the inhibitor tends to disappeai from the 
blood This is consistent with othei evidence that the nonnal kidney elaborates 
a substance which i educes blood piessuie 

Despite the fact that the nonnal kidney tends to counteiact the bvpeitensne 
effect of a conti alateial ischemic kidney, the icsults of treating expeiimental 
hypertension b) means of lenal extiacts aie unceitam The technical difficulties 
m separating fractions which may haye a specific physiologic eflcct aie gieat, and 
final opinion must await further tnal \\ akerlin and his associates 12 hare reported 
some success m the tieatmcnt of expeiimental hr pei tension In the injection of 
renm, theieby stimulating the production of “antirenm,” but others r hare failed to 
confirm their findings 

Another appioach has been made to the possible lole of the kidneys in Inper- 
tension by Bing and Zuckei (pieviously lenewed), rvho hare shown that the 
ischemic kidney is capable of tiansformmg ammo acids, themselrcs without piessoi 
activity into the coi responding amines, which hare a strong piessor action In 
line with this supposition that phenolic amines mar be impoitant factors in renal 
hypei tension, Scluoeder and Adams H found that trrosmasc will destior angiotonm 
because tyiosinase is a phenolic oxidase, Scluoeder has suggested that angiotonm 
may contain a phenolic gioup It rvas found that piepaiations of tyrosinase fiotn 
mushrooms were effective in lowering the blood picssurc not only in animals but 
in man That this effect is due to enzymatic activity is questionable in new ot 
the lecent observations of Prinzmetal and his associates ,r * that lieat-inactir ated 
tyrosinase prepaiations aie as cffectirc as actirc ones in reducing blood piessuie 
m patients with hypei tension It appears likely that the mechanism of the reduction 
of blood piessuie following the administration of the lenal extracts and of trrosinase 
is no different from that observed following the injection of tjphoid vaccine 

Role of the Kidneys in At total Hypo tension m Man — Theic is no doubt that 
a wide variety of pathologic conditions which have in common a partial reduction 
of blood flow to one or both kidneys may cause peimanent hypertension in man 
Such conditions include narrowing of the mouths of lenal arteries, aberrant renal 
arteries, various nephntides, chronic atiopluc pyelitis and hydroneplnosis Some 

42 Wakerlin, G E, and Johnson, C A Reductions in Blood Pressures of Renal Hyper- 
tensive Dogs by Hog Renin, Proc Soc Exper Biol 6L Med 46 104, 1942 Wakerlin, G E , 
Johnson, C A , Smith, E L , Moss, W G, and Weir, J R Prophylactic Treatment of 
Experimental Renal Hypertension with Renm, Am J Physiol 137 515, 1942 Wakerlin, G E, 
and Johnson, C A Antiserum for Renin, Proc Soc Exper Biol &. Med 44 277, 1942 

43 Friedman, M , Kruger, H E , and Kaplan, A Inability of Purified Renin to Reduce 
the Blood Pressure of Hypertensive Dogs, Proc Soc Exper Biol S. Med 50 56, 1942, The 
Inability of Purified or Crude Kidney Extract (Renin) to Reduce the Blood Pressures of 
Hypertensive Dogs, Am J Physiol 137 570, 1942 

44 Schroeder, H A, and Adams, M H Effect of Tyrosinase upon Experimental Hyper- 
tension, J Exper Med 73 531, 1941 

45 Schroeder, H A Effect of Tyrosinase on Arterial Hypertension, Science 93 116, 
1941 

46 Prinzmetal, M , Alles, G A , Margoles, C , Kayland, S , and Davis, D S Effects 
on Arterial Hypertension of Heat-Inactn ated Tyrosinase Preparations, Proc Soc Exper bio 
& Med 50 288, 1942 
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pei cent, a fall m s) r stohc blood piessuie (20 mm or moie) in 74 per cent, an 
eleiation of venous piessure in 76 per cent, significant electi ocardiographic 
alteiations in 86 pei cent, leukocytosis m 96 pei cent, tachycardia (rate over 80) 
in 98 pei cent, mci eased sedimentation late m 98 pei cent and fever m eveiy 
instance With lespect to the last four signs, elevation of the sedimentation rate 
was the last to occui (third day) but persisted the longest A rectal temperature 
aboie 104 F , a white blood cell count higher than 25,000 or a venous pressure over 
200 mm of vatei indicated a giave piognosis, 7 of 8 patients showing one oi 
anothei of these signs died within sixteen days aftei the onset of the attack 
With legal d to the immediate mortality in cases of acute myocardial infarction, 
Le\ me 52 i lghtly points out that the figures usually given are f i om series of cases 
seen in geneial hospitals and by consultants, which are apt to be more serious than 
those commonly seen m general practice The immediate mortality (death within 
se\eial weeks) w r as 33 per cent in Levine’s series and 47 per cent m that of Woods 
and Barnes 53 , Levine believes that the mortality might well prove to be 20 per 
cent oi less if a tiuly i epresentative senes of cases weie analyzed Both Levine 
and Woods and Baines agree that age is the most important factor influencing the 
immediate moitahty and that there is little or no difference whether the infaiction 
is in the antenoi or in the posterior wall of the heart Sex is not a very important 
factor if age is taken into account The prognosis w f as found to be better if the 
electi ocaidiogiaphic changes w^ete slight (Levine) and much worse m cases m 
winch the position of the mfaict could not be localized (Woods and Barnes) The 
lattei workers believe that ventricular exti asystoles are likely to be followed by 
ventricular tachycardia and not mfiequently by ventricular fibrillation, but Levine 
did not find “simple extrasystoles” to be very important All agree, however, 
that the more serious arihythmias aftect the prognosis unfavorably Other 
unfavorable factors which Levine mentions are hypertension, fall of blood pressure, 
especially to levels below 80 mm, pencarditis and congestive failure He found, 
as did Shilhto and his cowvorkeis, 51 that a high fever, a rapid heart rate and a 
high white blood cell count are likewise unfavoiable factors 

With lespect to the ultimate prognosis, Levine 02 found that the average 
survival period of patients who recovered from their initial attack of myocardial 
infarction was forty-one and one-tenth months for 101 patients who were known 
to be dead and twenty-seven and six-tenths months for 271 patients who weie 
found to be still living The age of the patient was one of the most impoitant 
factors, the younger patients lived longer Sex w^as also veiy important, the 
average survival time for women was only eighteen and three-tenths months, com- 
pared with foity-three and one-tenth months for men Theie was no difference 
with respect to those who had infarctions of the anterior wall and those who had 
infarctions of the postenor wall Of the 80 patients whose mode of death was 
known, 40 per cent died of a subsequent attack of coronary thrombosis, 35 per cent 
died instantly, 20 per cent died of congestive failure and only 5 per cent succumbed 
to causes unrelated to the heait Levine found that in no less than 75 per cent of 
354 cases a return to partial or full duty for an appreciable time was possible 

Infaiction of the Auncles of the Heait — Cushing and his associates 54 have 
reported their clinical and experimental observations on auricular infarction 

52 Levine, S A The Prognosis of Coronary Occlusion Part I and Part II Ultimate 
Prognosis, Mod Concepts Cardiovasc Dis, 1942, vol 11, nos 5 and 6 

53 Woods, R M , and Barnes, A R Factors Influencing Immediate Mortality After 
Acute Coronary Occlusion, Am Heart J 24 4, 1942 

54 Cushing, E H , Fed, H S , Stanton, E J , and Wartman, W B Infarction of the 
Cardiac Auricles (Atria), Brit Heart J 4 17, 1942 
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accidents to caidiac mfaiction To answei the question it is necessary to learn 
as much as possible of the natuial lnstoiy of this impoitant c.iuhac complication 
Attempts at analyzing the laige amounts of clinical data which bear on the problem 
and to corielate the results of the various authois have pio\ed difficult because of 

(1) the differences in the nomenclature used, (2) the failure on the part of some 
to establish the diagnosis of myocardial infarction in the cases icported, (3) the 
lack of specific catena oi the use of obviously false catena in attempting to show 
a causal connection between m)ocaidial mfaiction and mnous antecedent events 
and (4) the desire to bolster this or that theoiy rather than to seek the truth 

Dui mg the past few' yeais much has been written on this subject and a number 
of ai tides leview'cd Some iccent reports'* 0 are also of interest At the piesent 
time it seems fair to conclude that imocatdial mfaiction due to coionan thrombosis 
oi to prolonged ischemia m the picsencc of coronal)' nairowmg without tlnombosis 
may be pi capitated by (1) sudden se\eie effort oi prolonged effort of less sevent). 

(2) emotion, paiticularly if scveic or prolonged, (3) various factors which lead to 
a fall m blood piessure and (4) blow's on the chest 

Cluneal Feahncs oj Coionaiy Occlusion and of Myocai dial IitjaicLon — It is 
well lecogmzed that in a relatnel) laige number of the patients the onset of frank 
ni)ocardial infarction is preceded by ceitam premonitory s)mptoms These 
symptoms maj be due to the sudden occlusion oi narrowing of a coronan -vessel 
without infarction, oi if mfaiction is found, it is small and does not produce the 
classic symptom complex Bo>er '° emphasizes the importance of lecognizmg these 
prodromal symptoms and the need for instituting immediate and adequate treat- 
ment He illustiates Ins rcpoit with the details of 7 cases which fall into three 
patterns so far as the symptom of pain is concerned The first is that of a patient 
who has pain sufficiently characteristic of coronal y occlusion or rmocardial 
infarction but m whom the syndrome of infarction does not at fust appear, as 
a result, some diagnosis other than coronary msufficienc) may be made The 
second pattern is that of the sudden onset of angina pectoris in a patient pieuously 
well, and the third, the sudden increase in seventy and frequency ot anginal 
symptoms In all of these instances the probability of imminent infarction should 
be consideied Concerning the coionary circulation and the time necessan for the 
development of collateral circulation, Boyer concludes that two to three weeks 
of rest m bed, sedation, adheience to a light diet, avoidance of tobacco and possibly 
papaveime should be prescribed Not every one will agiee w T ith respect to rest 
m bed, it is the definite impression of some that a little activity is preferable, but 
the final answer has not been given 

Shilhto, Chamberlain and Levy C1 have made a careful study of the cai dinal 
diagnostic features of myocardial infarction in 50 uncomplicated cases seen very 
eaily m the attack A faction rub w r as heard in 20 per cent, gallop llijthm in 28 

49 Boas, E P Some Immediate Causes of Cardiac Infarction, Am Heart J 23 1, 1942 
Leinoff, H D Acute Coronary Thrombosis in Industry II Indirect Injuries from Lome 
Gases and Other Physical Agents, ibid 24 187, 1942 Johl, E, and Suzman, M M 
Mechanisms Involved in Acute Fatal Nontraumatic Collapse Associated with Physical Exertion, 
ibid 23 761, 1942 Sigler, L H Trauma of the Heart Due to Nonpenetrating Chest Injuries, 
JAMA 119 855 (July 11) 1942 Leinoff, H D Acute Coronary Thrombosis in Industry, 
Arch Int Med 70 33 (July) 1942 Willius, F A Cardiac Clinics Certain Medicolegal 
Aspects of Coronary Thrombosis, Proc Staff Meet , Mayo Clin 17 521, 1942 

50 Boyer, N H Premonitory S} r mptoms of Myocardial Infarction, New England J Med 
227 628, 1942 

51 Shilhto, F H , Chamberlain, F L , and Levy, R L Cardiac Infarction The Incidence 
and Correlation of Various Signs, with Remarks on Prognosis, JAMA 118 779 (March 7) 
1942 
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ma} be lecoided duiing spontaneous 01 induced attacks of anginal pain in patients 
with lieai t disease The commonest method of inducing attacks is to ask the 
patient to cxeicise and theieby put a gieatei load of woik on the heart Induced 
anoxemia lias also been used Neithei method found great favoi, partly because 
ot the lack ot definite cntena m evaluating the results This objection is being 
oi ei come Recent!), Twiss and Sokolow 57 were able to obtain significant electro- 
taidiogiaphic alteiations aftei exeicise in 56 per cent of patients with angina 
pectons mespectne of the piesence oi the absence of pam They found that the 
significant changes aie 

S-T segment depression or elevation of 1 0 mm or more in Lead I, of 1 5 mm or more 
in Lead II, of 1 5 mm or more in Lead III, and 2 0 mm or moie in Lead IV, or the conversion 
of an upright to a diphasic or inverted T wave in Lead I, II, or IV, or the development of 
bundle branch block If any one of these changes occurs, the electrocardiogram is considered 
abnormal 

CONGESTIVE HEART FAILURE 

A numbei of mtei estmg at tides have appeared dealing with the mechanism 
of heait failuie ns and the lecent developments in treatment 50 

Bojei and White 50a have leported 4 instances m which pam m the light uppei 
quadrant of the abdomen, precipitated by exeition and relieved by rest, has been 
the presenting symptom of early light-sided heart failuie It is evidently due to 
acute congestion of the livei and is comparable to dyspnea on effort in eaily left- 
sided heait failuie Direct questioning of a gioup of 40 patients who alieady had 
clinically evident light-sided failuie or weie likely candidates for it revealed that 
the pam had been present at some time in about 45 pei cent It is a symptom 
to which the patient rarely attaches much significance, since it is usually of little 
severity and is overshadowed by more uncomfortable symptoms , it is an important 
though little lecogmzed clue 

Digitalis Picpaiahons — Eggleston and Gold 60 have cleaily descubed the 
extensne changes in the twelfth revision of the United States Phaimacopeia with 
lespect to digitalis 

The gieatest uniformity m the stiength of digitalis pieparations is assmed 
by assa)ing these prepaiations against a standard material, the Digitalis Refeience 

57 Twiss, A , and Sokolow, M Angina Pectoris Significant Electrocardiographic 
Changes Following Exercise, Am Heait J 23 498, 1942 

58 Katz, L N Mechanism of Heart Failure, J Mt Sinai Hosp 8 668, 1942 Seunour, 
W B , Pntchaid, W H , Longley, L P, and Hayman, J M, Jr Cardiac Output Blood 
and Interstitial Fluid Volumes Total Circulating Serum Protein, and Kidney Function During 
Cardiac Failure and After Improvement, J Chn Investigation 21 229, 1940 Progei, S 
Ginsburg, E , and Magendantz, H The Effects of the Ingestion of Excessive Amounts of 
Sodium Chloride and Water on Patients with Heart Disease, Am Heart J 23 555, 1942 
Stewart, H J Mechanism of Diuresis Alterations in the Specific Giavity of the Blood 
Plasma with Onset of Diuresis in Heart Failure, J Chn Investigation 20 1, 1941 Krauel, G 
Influence of Nutrition on Circulating Quantity of Blood Deficient and High Sodium Chloride 
Content of Diet, Ztschr f klin Med 139 459, 1941 Altschule, M D , and Zamcheck, N 
Studies of the Circulation and Respiration in a Patient with Anasarca Following Administra- 
tion of Cortin and Sodium Chloride, J Clin Endocrinol 11 269, 1942 

59 Gold, H Some Recent Developments in Drug Therapy, North End Chn Quart 2 5 
1941 DeGraff, A C Evaluation of Drugs Used m the Treatment of Cardiovascular Diseases, 
Bull New York Acad Med 18 246, 1942 Freedberg, A S , and Blumgart, H L Medical 
Progress Digitalis, Edema and Diuretics, New England J Med 227 874, 1942 Gold, H 
Recent Developments in Digitalis, Mod Concepts Cardiovasc Dis , 1942, vol 12, no 4 

59a Boyer, N H , and White, P D Right-Upper-Quadrant Pam on Effort An Early 
Symptom of Failure of the Right Ventricle, New England J Med 226 217, 1942 

60 Eggleston, C , and Gold, H What the U S Pharmacopoeia XII Means to the 
Physician, Am J M Sc 203 759, 1942 
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Dm mg a seven yeai peiiod of 1 m estimation, when the amides at nectopsy were 
specifically examined ioi infaicts they weie found to he invoked in 31 (17 pei 
cent) of 182 cases of imouudial mfaiction It is icmark.ible that the infarction 
involved the right auiicle m 27 cases and the left m only 5 Most of the infarcts 
occuried m the auncular appendages Gioss occlusion of the auncular arteries was 
obsened m onl} 1 case Bowetet p.utial or complete occlusion of a mam coronars 
vessel w r as noted in 23 of the 31 cases, and a ficsli oi a healed \entnculni infaict was 
piesent in 22 cases m all ol which it was m the left \cntiicle or the mtcnentiicular 
septum Acute diffuse imocarditis was piesent in 2 cases and chronic mjocarditis 
in 1, in the lemaining 6 aunculai infarcts were the only lesions other than In per- 
tiophy The gioss appeal ance ot the aunculai infarcts was similar to that com- 
mon!} seen in the centncles and m 26 cases mural thrombi were adheicnt to the 
encioraiohum o\ei the infaicted aiea 

Electiocaichogiams weie taken m 23 cases ot auricular mfaiction and in 74 
pei cent ot these the auncular mechanism was abnormal, whereas the aunculai 
ib}thm was disturbed in onl} 8 pei cent of 91 cases of \cntricular infarction without 
associated mfaiction of the auricles The electrocardiographic abnormalities in 
the patients with auncular infaicts weie auricular fibrillation (9 cases), auricular 
prematuie beats (4 cases), auncular flutter (2 cases), sinus arrest (1 ease) and 
wandenng pacemaker (1 case) Depiesmon of the PQ le\cl occurred in 5 
instances but the authois considci it of doubtful significance because of its occur- 
lence m nonnal persons 1 hc\ concluded that an abnonnahty in the auricular 
mechanism is the most icliablc clue to the clinical diagnosis of infarction of the 
atnums 

Angina Pcctous — Refcience is made below to a number ot articles 55 dealing 
with vanous clinical aspects of angina pectoris Of particular interest are the 
ieports 5G concerned with the diagnostic \alue of certain electrocardiographic 
changes aftei cxeicise 

The diagnosis of angina pcctous rests on the stibjcctne phenomenon pam 
This pam is not ahvays Apical, and the difleicntial diagnosis between pam of 
caidiac and pam of noncardiac oiigm maj be difficult or e\cn impossible Approxi- 
mately one quartet of the patients with angina pectons show no physical 
abnormality of the heart by any of the usual methods of examination Because of 
this any objectne eudence of coronary insufficiency is helpful in diagnosis, it 
indicates that at least the pain could be of cardiac origin Many investigators 
over the past few yeais have shown that significant eicctiocaidiogiaphic alterations 

55 Wolferth, C C, and Edeiken, J The Differential Diagnosis of Angina Pectoris with 
Special Reference to Esophageal Spasm and Coronary Occlusion, Pennsylvania M J 45 577 
1942 Barnes, A R , and Pruitt, R D Problems m the Differential Diagnosis of Coronarj 
Sclerosis, J Michigan M Soc 41 943, 1942 Heaton, T G Conception of Neuralgic Cues 
Pain, Canad M A J 47 535, 1942 Elek, S R , and Katz, L N Some Clinical Uses o 
Papaverine in Heart Disease, JAMA 120 434 (Oct 10) 1942 Perlow, S Paravertebral 
Alcohol Injection for Relief of Cardiac Pam, Illinois M J 81 35, 1942 Jones, C M , md 
Chapman, W P Studies on the Mechanism of the Pam of Angina Pectoris with Particular 
Relation to Hiatus Hernia, Tr A Am Physicians 57 139, 1942 Lesser, M A The 
Treatment of Angina Pectoris with Testosterone Propionate Further Observations, Rew 
England J Med 228 185, 1942 Neuwahl, F J Nicotinic Acid m the Treatment of Angina 
Pectons, Lancet 2 419, 1942 

56 Scherf, D Exercise Test in Coronary Stenosis, Bull New York M Coll , Flower A 
Fifth Ave Hosps 5 2, 1942 Patteison, J E , Clark, T W, and Levy, R L A Comparison ot 
Electrocardiographic Changes Observed During the “Anoxemia Test" on Normal Persons an 
on Patients with Coronary Sclerosis, Am Heart J 23 837, 1942 Master, A M , Dack, , 
and Jaffe, H L Cardiac' Efficiency and Prognosis Following Recovery from Acute Coronary 
Occlusion The Results of Various Functional Tests, JAMA 120 1271 (Dec 19) 19 - 
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glucoside of Digitalis lanata) has the advantages of constant potency and quick 
action but cannot be used conveniently m ambulatory cases Lanatoside C, or 
cedilamd (a cijstalhne glucoside of Digitalis lanata) has the advantages of constant 
potenc} and quick action but requnes moie careful attention with respect to 
legulant} of dosage than do preparations of Digitalis purpurea leaf (digitalis U 
S P ) and nia\ theiefoie not be as satisfactoiy foi ambulatory patients 

Mcicunal Dnnchcs — The action and the toxicity of the meicunal diuretics 
ha-\e been thoi oughly discussed in several articles 01 

-An immediate acute leaction charactenzed by dyspnea and the symptoms of 
shock has led to death m 26 repoited cases In most of the instances the exact 
cause of death was thought to be cardiac failure, probably the result of ventricular 
fibi illation In each case death occuned following the mtiavenous admmistiation 
of the drug Other types of leaction may result from the toxicity of digitalis owing 
to the mobilization of this drug in patients previously digitalized and to disturbances 
of salt and -water metabolism Although all of these possibilities must be kept m 
mind when one is using the drug, it should be emphasized that toxic leactions are 
extraoidmanly rare and should not limit use of this drug 

MISCELLANEOUS 

Isolated Myocai ditis — Occasionally heait failure with fatal termination is 
obsened in a young peison foi which no cause can be found either during life 01 
at necrops 3 r Saphir 05 has made an interesting study of 15 such cases which were 
discovered in the routine examination of 5,626 hearts at autopsy Clinically, the 
picture was that of cardiac enlaigement and progressive heart failure without 
obwous cause Pathologically, Saphir found 1 instance of isolated myocarditis 
of the granulomatous vanety and 14 instances of diffuse myocarditis The heart 
with gianulomatous myocarditis w^as not definitely enlarged, and throughout the 
lrqocardium theie were irregular yellowish white areas Microscopically, giant 
cells w r eie observed together with a diffuse infiltration of eosinophils and lympho- 
cvtes m the myocardium Neither spirochetes nor tubeicle bacilli could be demon- 
stiated In 12 of the 14 remaining cases in which clinical data could be obtained 
the heart was enlaiged and dilated The myocardium was pale gray, with minute 
grayish streaks or largei aieas of gray and white Microscopically, the lesions were 
diffuse, with lymphocytes and endothelial leukocytes predominating These lesions 
did not lesemble those of any clearly defined type of myocarditis 

Intel stitial Myocarditis Due to Sulfonamide Compounds — French and Weller 6,J 
discovered a significant degree of interstitial myocarditis m 126 of 283 patients 
who had leceived one of the sulfonamide compounds (5 to 200 Gm ) during the 
last fewr weeks of life Interstitial myocarditis was not present m any patient who 
had not received chemotherapy for at least thirty days prior to death The changes 
obseived were not macroscopic but microscopic and were characterized by 
paravascular cellular infiltrations of eosinophils and other cells Eosinophilic 

64 DeGraff, A C, and Lehman, R A The Acute Toxicity of Mercurial Diuretics, 
JAMA 119 998 (July 25) 1942 Kline, E M , and Seymour, W B Systemic Reactions 
to Mercurial Diuretics, Am J M Sc 203 874, 1942 DeGraff, A C , Batterman, R C , and 
Lehman, R A Limiting Content of Theophylline Necessary to Prevent Local Toxic Action 
of Mercurial Diuretics, Proc Soc Exper Biol & Med 38 373, 1938 DeGraff, A C , Batter- 
man, R C, and Lehman, R A The Influence of Theophylline upon the Absorption of 
Mercupurin and Salyrgan from the Site of Intramuscular Injection, J Pharmacol & Exper 
Therap 62 26, 1938 

65 Saphir, O Isolated Myocarditis, Am Heart J 24 167, 1942 

66 French, A J , and Weller, C V Interstitial Myocarditis Following Clinical and 
Experimental Use of Sulfonamide Drugs, Am J Path 18 109, 1942 
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Standaid of the Pharmacopeia, and 0 1 Gm (1)4 glams) of tins digitalis powder 
is defined by the Phaunacopeta as 1 U S P unit The standaid powder is supplied 
by the Phaimacopeia to those who standaidi/c digitalis fl'lie plnsician may then 
expect that if he admmistcis 1 U S P unit of digitalis powdci oi of a tincture 
of digitalis oi of some watei -soluble injectable solution, the ellects of each in man 
will be identical, since each will lcpiescnt the cfiect of one and the same thing 
namely 01 Gm (1)4 giains) of the Digitalis Reference Standaid The amount 
by weight or measuie mattcis little In one case it might be 2 cc of a solution 
and m another case 1 cc What docs matter is that the same amount of potent 
matenal is admimsteied, and this can he insuicd by dctct mining dosage m teims 
of U S P units Foi those who hare been thinking in teims of cat units it 
might be stated that 0 1 Gm (1)4 giains) of the U S P Digitalis Reference 
Standaid oi 1 U S P unit will lcpicsent appioximatch 1 3 cat units In the 
case of the solutions of ouabain and strophanthin for pai enteral administration 
the dose of the ding is cxpiesscd m lmUigtnms, without letcicncc to an> unit, and 
both aie assayed against the Ouabain Refctcncc Standaid of the Pharmacopeia 
a puie ciystalhne material 

Sokolow and lus associates 01 hare icported their studies on the use of digitalis 
in the picvcntion of caidiac failure in patients with sinus i In thin Four ambulaton 
patients with sinus lliythm, who had preuoush shown congcstnc heart failtne 
w r ere studied for periods ran mg from tlurtr-one to sixty weeks Each was kept 
on a compaiablc conti oiled icgimen of acliritr, salt, fluid and caloric intake The 
only variable was the admimsttation or the omission of digitalis In crcrr instance 
cardiac failuie lccurrcd when digitalis was withheld Iher concluded theiefote 
that the administiation of digitalis tends to prerent the development of failuie in 
patients rvith sinus lhythm Digitalis was also of value in lehering the congestne 
failuie pioduced in these ambulaton patients bv withdrawal of the ding 

Flaxman 02 has made a clinical study of the raluc of digitalis thciapr m patients 
rvith heait failure due to hr pei tension or to coionaiy aitenosclerosis He found 
that digitalis is of gicat value m treatment eren when the ihytlnn is normal With 
both t)pes of patients, digitalis was most efTectire m those showing isolated failuie 
of the left rentncle and a normal heait rate 

A number of articles 03 have appeal ed on the use of one or anothei ot the 
punfied glucosides of digitalis These preparations have been sliorvn to be just as 
effective as the pieparations of digitalis norv m common use Digoxin (a purified 

61 Sokolow, M , Weinberg, H B , Plaut, J L , and Katz, L N Digitalis m the 
Prevention of Recurrent Cardiac Failure m Patients rvith Sinus Rhjthm, Ann Int Med 
16 427 , 1942 

62 Flaxman, N Clinical Value of Digitalis in Hjpcrtcnsnc Heart Failure I With a 
Normal Rate and a Regular Rhythm, Am J lit Sc 203 741, 1942, II With Sinus Tachy- 
cardia, ibid 203 747, 1942 , Digitalis in Arteriosclerotic (Coronan ) Heart Failure, JAMA 
119 252 (May 16) 1942 

63 Rose, O A , Batterman, R C, and DeGrafT, A C Clinical Studies on Digoxin, a 

Purified Digitalis Glycoside, Am Heart J 24 435, 1942 Gold, H , Krvit, N T , Cattell, Mcl , 
and Travell, J Studies on Purified Digitalis Glycosides IV The Single Dose Method o 
Digitalization, JAMA 119 928 (July 18) 1942 Batterman, R C , Holman, D . an 
DeGraff, A C The Therapeutic Effectiveness and Potency of Digilamd in the Treatment o 
Congestive Heart Failure, Ann Int Med 14 2058, 1941 Batterman, R C , Rose, O A , an 
DeGraff, A C The Combined Use of Ouabain and Digitalis in the Treatment of Congestne 
Heart Failure, Am Heart J 20 443, 1940 Sokolow, M , and Chamberlain, F L Cedilamu 
with Special Reference to Its Intravenous Use, ibid 23 243, 1942 Chamberlain, F L, an 
Sokolow, M Clinical Experience with the Oral Administration of Cedilanid, and a Comparison 
of the Oral and Intravenous Preparations of Cedilanid with Digitalis Purpurea, ibid 1 

1942 Tandowsky, R M Electrocardiographic and Clinical Studi of Lanatoside L, i ' 

24 472, 1942 
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Ilcai t in Sickle Cell Anemia — It is thought by some that the caidiac changes 
in sickle cell anemia aie specific, but Klinefeltei , 70 on the basis of a careful study 
of 12 cases, concludes that no cause othei than the profound anemia is responsible 
Of parliculai intei est aie the similarities between the clinical findings in certain 
cases of sickle cell anemia and those in cases of lheumatic fever Both may show 
exacerbations following infection of the lespiratoiy tract, pam and swelling m the 
joints (which is often nugiatoiy), fever and leukocytosis, tachycardia, cardiac 
enlaigement, piolongation of the PR mteival in the electrocai diogi am, and systolic 
and diastolic muimuis They differ among othei things m that the pam m sickle 
cell anemia is often along the bones, that it is not relieved by salicylates and that 
ulcers of the leg aie common m sickle cell anemia 

Cluomc Consh ictwe PencauJitis — Hainson and White 71 have analyzed 37 
cases of chronic constrictive pencaiditis seen by themselves The later results 
in 15 of the cases which weie reported m 1935 aie given, together with a brief 
clinical survey of the couise of illness in 22 additional cases The ages of the 
patients ranged from 10 to 59 yeais The aveiage age of those operated on was 
28 8 \ ears, and the average age of those not operated on was 45 5 years There 
were 25 males and 12 females Tuberculosis was appaiently the cause m 5 cases, 
sepsis in 1, pneumonia with polyserositis m 2, m the other 29 cases the cause was 
unknown or questionable In 19, or 54 per cent, of the cases, the cardiac area was 
enlaiged 1 oentgenologically , m 18 the size of the heait was normal In 9 of the 
total number of cases there was an apical systolic murmur In 16, or 43 per cent, 
there was calcification of the pericardium The electrocardiogram was abnormal 
in all cases The chief abnormalities weie low voltage of the QRS waves in all 
three classical leads in 22, or 60 per cent, of the 37 cases, abnormal T waves 
of two or thiee of the classical leads m all cases, auricular fibrillation m 14, or 
37 per cent, of the series, and auricular flutter in 1 case The axis deviation was 
normal in almost all instances 

Twenty-eight of the 37 patients were treated by pericardial resection Fourteen 
of the 28 were clinically cured, although in a few there remained a slight increase 
in venous pressure above the average normal and 1 of the 14 died of another 
cause one year after operation. Three othei patients were much improved by 
the operation Two died primarily of the disease itself, 1 of tuberculosis soon 
aftei the operation and 1 in congestion four months after operation In 5 patients 
the death was related to the operation, two of the 5 succumbed on the day of 
operation, 1 died one day after operation, 1 died of pulmonary embolism two days 
after operation, and 1 died of bronchopneumonia six days aftei opeiation Four 
died of other complications Nine patients did not have pericardial resection In 
3 of these the disease was so mild that operation was not thought necessary, 3 were 
too sick to undergo operation, 1 died of miliary tuberculosis before the operation 
could be carried out, 1 died before this series of operations was started, and 1 was 
lost sight of 

70 Klinefelter, H F The Heart in Sickle Cell Anemia, Am J M Sc 203 34, 1942 

71 Harrison, M B , and White, P D Chronic Constrictive Pericarditis A Follow-Up 
Study of Thirty-Seven Cases, Ann Int Med 17 790, 1942 
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mfilti ations weie also sometimes ohscivcd in the li\ei, the lungs and the kidneys 
Similai eosinophilic mteistitwl imocauhtis w<is ohscivcd m mice and rats rccciung 
daily mtraperitoneal injections of sulfonamide diugs French and Weller point out 
that the lesions aie revet siblc and that the eosinophilic character make chug 
idiosyncrasy a likely cause They emphasi/c the impoituncc of fiequent and careful 
evaluation of the caidiovascular status ot patients i earning sulfonamide drugs 

Tumoi s of the Ilcai t — Beck*" has published 2 ca^c reports of unusual mtei cst 
in which he describes the icmoval of tumois fmm in and mound the heart The 
first case was that of a voting man 22 }cms of age who for two \ cars periodicalh 
complained of fexei, djspnea, weakness and pain in the chest and had been 
tempoianl) i dieted aftei icpeated aspnation of fluid, presumable fiom the pen- 
cardium Because of the persistence of a exsthke stiuctme on the right side ot 
the heait operation was perfoimcd and a cest containing 300 cc ot coagulated 
mateiial tound It was emptied and washed and the margin of the test sutured to 
the pectoial muscle 1 he patient impioecd, hut in teeo tears the symptoms iccuried 
and at a second opeiation a cestic tei.itoma was found attached to the eeall of 
the heait and gicat vessels Beck states, "I had the impression that the eeall of 
the cjst eeas fused with the parietal peiicarchum” Hoeeceei, it eeas not dearie 
ceitain from Beck’s leport that the cyst eeas intrapci icardial Beck hi idle describes 
4 othei cases pieviously leportcd 

Beck’s second case eeas that of a man 39 tenis of age echo complained of 
piogressieely increasing dtspnea and pain in the chest on exercise oeer a penod 
of six eears The clinical studies of Dis Fed and Friedman led to the diagnosis 
of caichac tumoi Beck thought that the tumoi eeas probable benign At opeiation 
a laige, subepicaidial tumor eeas icmoecd It consisted of a capsule of calcified 
connective tissue filled eeith cheese material The patient eeas eecll eighteen months 
after the opeiation and appaientl) cured Beck icmarks that this eeas the fust 
time that a benign tumor of the heart eeas iccogmml clmicalle and the onh tune 
that lemoval evas earned out 

Thiamine Chloude Deficiency and the Cn dilation — That cardiac cnlaigcmeiit 
and failuie may result fiom deficiency of eitamin Bj is eecll known and studies 
along this line aie being lepoitcd continual]) ,s Less eecll knoeen are the cardio- 
vascular changes lesultmg fiom slight oi caile stages of thiamine deficiency and 
the time lequired for then appearance Johnson and his associates'” have shoeen 
that in nealthy persons pei forming manual labor the signs of vitamin B t deficience 
may appear in a feev days The icason foi the eaiher appeal ance of symptoms in 
pei sons doing hard eeoik is that the increased caibohychate metabolism uses up 
laiger amounts of thiamine The evidence foi decreased cauhotascular efficienct 
is seen in the i educed peiformance m tests the limiting factoi of which is the 
cai diovascular system 

67 Beck, C S An Intrapericardial Teratoma and a Tumor of the Heart Both Removed 
Operatively, Ann Surg 116 161, 1942 

68 Hussey, H H , and Katz, S Beriberi Heart Disease and Pulmonan Embolism 
Report of Three Cases, M Ann District of Columbia 11 247, 1942 Rascoff, H 

Heart in a Four Month Old Infant (with Four Year Follow-Up), JAMA 120 129- 
(Dec 19) 1942 Garland, L H, and McKenney, A C Roentgen Diagnosis of Vitamin 
Deficiency Cardiac Conditions, with Some Clinical Observations on Ihnmm Deficiency 
Radiology 38 426, 1942 Moniz de Bettencourt, J Circulatory Disorders Due to Avitaminosis 
Bi Review of Literature, Amatus 1 247, 1942 

69 Johnson, R E , Darling R C , Forbes, W H , Brouha, L , Egana, E , and Graybiel, 
A Effects of Diet Deficient in Part of Vitamin B Complex on Aten Doing Manual Labor, 

J Nutrition 24 585, 1942 



BOOK REVIEWS 


739 


Oleoperitoneografia Contribucion al estudio radiologico del peritoneo By Carlos H 
Niseggi, Profesor Adjunto de Radiologia de la Facultad de Medicina de Bs Aires, Jefe del 
Serncio Central de Radiologia del Hospital Teodoio Alvarez, Miembro Fundador de la 
Sociedad Argentina de Radiologia , Marcelo H Moreau, Medico Agregado del Servicio 
Central de Radiologia del Hospital Teodoio Alvarez, Miembro Titular de la Sociedad 
Aigentina de Radiologia, and Joige E Moreau, Medico Interno del Institute Municipal de 
Radiologia % Fisioterapia, Buenos Aires Pp 195, with 153 illustrations Buenos Aires 
Libieria Y Editonal “El Ateneo,” 1941 

This relatively short monograph deals with the employment of oleoperitoneography in the 
stud\ ot the peritoneal cavity This procedure is of greatest value in the diagnosis of peri- 
toneal fluid, as even the lesser degrees of ascites, w'hich may have escaped clinical notice, maj 
be detected in this manner Large abdominal cysts also may be recognized, as then roentgen 
appearance is charactenstic during oleoperitoneography 

The technic consists of intrapentoneal injection of 3 cc of iodized oil Roentgenograms 
are then made w ith the patient supine, prone and erect 

The first se\en chapters are devoted to a description of the peritoneal surfaces and the 
disposition and appearance of liquids and iodized oil in the peritoneal cavity in normal and m 
abnormal conditions Experimental work on animals is included 

The remainder of the book consists of a series of observations in 40 clinical cases studied 
b\ the authors Each case is illustrated by one or more excellent reproductions of roentgeno- 
grams A short bibliography has been added 

Bronchiectasis Pathogenesis, Pathology and Treatment By James R Liza, B S , 
M D , F A C P , Pathologist, City Hospital, Welfare Island, New York, and Milton B 
Rosenblatt, BS, MD, Associate Visiting Physician, City Hospital, Welfare Island, 
New York, Associate Attending Physician Montefiore Hospital Cloth Price, S4 Size 
of page 6J4 by 9}4 inches Pp 190 plus an index, wuth 40 illustrations and 4 tables New 
York Oxford University Press, 1943 

This splendid monograph is the result of a painstaking study of 110 cases of bronchiec- 
tasis A review of the anatomy and the physiology of the bronchi precedes the chapter 
de\oted to theories of the genesis of bronchiectasis Studies of the lesions encountered 
lollow The pathogenesis, the clinical aspects and the treatment are then considered in the 
order gi\en 

The thesis elaborated throughout is that etiologically bronchiectasis is bacterial infection 
invoking the bronchi and the adjacent parenchyma of the lung — it is not merely a dilatation 
of the bronchial tubes In the vast majority of these cases it W'as a sequela of broncho- 
pneumonia in childhood but in many it W'as produced by other infections, including those 
’'esulting from bronchial occlusion 

The book is printed on excellent paper, the illustrations are well selected and well repro- 
duced There is an extensive bibliography The review'd- unhesitatingly recommends this 
work to all clinicians and students of medicine 

Primer of Allergy By Warren T Vaughn Edition 2 Pp 176, with 26 illustrations 
and 5 charts Price, $1 75 St Louis C V Mosby Company, 1943 

One of the most serious problems of modern medicine is the question of education of the 
layman How and to what extent can and should this be done? The little book under 
consideration exemplifies one method snappy, slangy, epigrammatic discussion, illustrated bj 
cartoons and slogans For example, chapter 1, entitled “Learn to Live with Your Allergy,” 
is headed by a drawing of a peculiarly imbecilic-looking w'hite elephant led by a ridiculous 
little figure and labeled ‘ Man’s White Elephant ” This sort of thing goes on throughout 
the book and is doubtless supposed to drive home the various points in an impressive way 
The reviewer does not like this method He feels that serious matters should be dealt wuth 
in a dignified way, that authors should elevate their audience and not play down to it If 
these childish methods of instruction are really necessary, then there is indeed an intellectual 
decay among the citizens which demands decisive improvement of present educational methods 

A Text-Book of Pathology By William Boyd Edition 4 Pp 1008, with 490 engrav- 
ings and 29 colored plates Price S10 Philadelphia Lea & Febiger, 1943 

Dr Boyd’s justly popular treatise appears now m a new' edition Chapter 1, a brief 
philosophic discussion of the content of pathology, sets the stage, and the book then proceeds 
along conventional lines, dealing first wuth such general matters as degeneration, inflamma- 
tion and tumors, and going on to the special diseases and organs The writer’s style is 
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Mental Health m College By Clement C Fn, MD, with the collaboration of Edna C 
Rostow Pp 365 Puce, 82 New \ork Ihc Commonwealth Fund, 1942 

This work represents a stnvcv of the case histories of some 1,257 uimusity students 
who came under the obseivation ot the authors in o\cr a decade ol e\peuencc at \alc Um- 
eersity The fust third of the book is concerned with a definition of the problem a descrip- 
tion of the materials of the stride and a general discussion of “the problems of personality 
growth” The student eneironment at \ale Unnersite is then described (perhaps the most 
interesting part of the book), followed be a consideration of the psechiatric problems encoun- 
tered be students of the earious schools and departments m their personal, scholastic and 
social adjustments 

The book is mfoimntiec and interesting as a general surece ot the tepes of maladjust- 
ment seen among the students at an old, aristocratic nmeersite, eehcrc social factois are at 
least as important as the academic It ice cals much about Yale University as eeell as about 
the students As a socioloeic stude the book Ins considerable ealuc As a contribution to 
psychiatric thought it is barren Supcrficiahte maiks the discussion of mdieidual case his- 
tories, none of which seems to liaec been extended to the point eeliere the psechiatrist rcalh’ 
understood his patient's inner psychologic problems Perhaps little more eeas possible in 
view of the limited time aeailablc under the circumstances Though the discussion of the 
importance of family relationships in the mental life ot the student is good, the consideration 
of the sexual growth and bcha\ lor ot the student onh shuns the surface The important 
subject of treatment of patients with sexual problems is oitcn dismissed with little more 
than such meaningless and \aguc statements as that “Treatment was directed at 

gmng him a more informed attitude toward sex and increasing his insight into his whole 
personality ” Sexual maladjustments arc frequently attributed to “inadequate sexual infor- 
mation,” and “a thorough education about sex” is often considered the correct treatment 
Such statements may co\cr adequate management of these delicate problems, but they cer- 
tainly do not tell the reader anything specific 

In general, the book is an interesting surrey of the field, but it is of little ralue in 
helping to solre the problems it rereals * 


Sulfanilamide and Related Compounds in General Practice Second edition By V esley 
W Spink, M D , F A C P Pi ice, S3 00 Pp 374 Chicago The Year Book Publishers, 
Inc , 1942 


That the second edition of this book came out only a comparatiecly few months alter the 
first edition speaks yrell for its authenticity as rvcll as for its completeness Verv rapidly Spinks 
book on the sulfonamide compounds obtained popularity, and fortunately so, because this has 
enabled him to bring out a new edition in yyhich he has been able to incorpoiate the rapidly 
erolvmg nerver developments in therapy' with these compounds that hare taken place since the 
appearance of the first edition 

The second edition has undergone a complete revision, not only has new material been 
added, but some of the older material has been elaborated on and some has been deleted this 
is, of course, in line yvith the advances that have taken place in therapy rrith sulfonamide drugs 
and the development of neyver compounds by the chemists yy ho hay e been yvorking w ith t lese 
drugs 

The book has much to recommend it It is reasonably short and concise but nevertheless 
sufficiently detailed to alloyv the practitioner to obtain all the information he may need tor the 
treatment of certain diseases against yvhich sulfonamide compounds have proyed effective 
For the investigator the very complete bibliography is sufficient to refer him to souice material 
and to a more complete exposition than can be given in a relatively small book 

With practically all the details of treatment the reviewer is in accord He is not in agree- 
ment, however, with a part of the chapter which has to do yvith prophylactic use ot the 
sulfonamide compounds He wishes that Spink had condemned rather than accepted the rather 
promiscuous use of these potent and sometimes dangerous drugs in the prevention of hypothetic 
complications of various conditions, which will probably never develop and yvhich if they do 
can be minimized by one or another of the sulfonamide preparations 
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A NOTE CONCERNING THE LONG NEGLECT OF 
AUENBRUGGER’S “INVENTUM NOVUM” 

JAMES B HERRICK, MD 

CHICAGO 

In 1843 m a shoit mtioduction to Ungai’s translation 1 ot Auenbrugger’s 
“Inventum noMim ” Josef Skoda in his brusque way declared that “to catalogue 
the reasons wh\ Auenbruggei ’s discoveiy, which was so clearly set forth m his 
book was not noticed by his contempoianes would be a useless task” A study 
of his book, he said, showed that Auenbiugger with the fullest right might be 
looked on as the foundei of modem diagnosis 

Yet m spite of Skoda’ s pronouncement of a century ago the question has since 
that date been taken up more than once Two papeis deserve especial notice, 
one b) Noltenius, the other by Neubuiger In 1908 Noltemus 2 published an 
exhaustive study of the pioblem of why the results of a scientific clinical investi- 
gation that had been earned on for seven years were giadually all but forgotten 
In 1922 Neubuiger’s " cntical monograph appeared, which, based largely on the 
woik of Noltenius would, as Sigenst 4 commented, seem to be the final word 
on the subject 

Noltenius and Neuburger, disregarding Skoda’s pronouncement, offered several 
explanations of why Auenbrugger’s work was ignored by some, ridiculed by others, 
or assailed as not new but old, a mere revamping of Hippocrates The prevailing 
attitude of the medical mind of that day was philosophic and speculative , to employ 
manual help in diagnosis was banal and beneath the digmt) of the high calling 
of the physician 5 Then there were weak points m Auenbrugger’s method He 
sought for finer details than could be grasped by the beginner Unfortunately 
he gave the impression that by percussion alone a diagnosis could be reached 
Even his supporter Stoll (who in 1776 succeeded de Haen) acknowledged these 
failings 

One must recognize also that there were some imperfections in the technic 
that made it difficult for practitioners who lacked Auenbiugger’s skill, patience 
and experience to be as sure of their results as he was For example, he advised 
using one hand only Percussion was to be made not over the bare skin , the 
chest was to be coveied with cloth, e g , the shirt Or the hand might be encased 
in a glove It can be readily understood how by such a procedure finer distinc- 
tions between tones might be missed, though they might be detected by the 

1 Ungar, S Leopold Auenbrugger’s Neue Erfindung, mittels des Anschlagens usw 
Uebersetzung mit Vorwort von J Skoda, Vienna, 1843 Later, a new edition appeared with a 
biographical sketch by Jadassohn, Berlin, 1908 

2 Noltenius, B Zur Geschichte der Percussion von ihrer Bekanntgabe durch Auenbrugger 
(1761) bis zu ihrer Wiederbelebung durch Corvisart (1808), Arch f Gesch d Med 1 329-350 
and 403-428, 1908 

3 Neuburger, M Leopold Auenbrugger’s Inventum Novum, Leipzig, Verlag von Josef 
Safar, 1922 

4 Sigenst, H E Forbes’ Translation of Auenbrugger, Baltimore, Johns Hopkins Press, 

1936 


5 Neuburger, 3 p 22 
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simple and lucid, to the tcmcwci the real difhcultv is that the subject has outgrown the 
bounds of any one reasonable volume Just as a random example, the “pathology’’ of thia- 
mine is dealt with in a single paragraph of some dozen lines However, if the student 
knows all that Dr Boyd has to tell him in this compicssed treatise, he will be doing well 
enough 

Chemotherapy of Gonococcic Infection By Russell D Hcrrold Price, not given Pp 
137 St Louis The C V Mosb\ Company, 1943 

The actual substance of this little monograph, namch the part dealing with chemotherapy 
of gonococcic infections, occupies a lclatneh small part of the book, the remainder is to some 
extent unessential E\en in the sections on ehemothciapy matters of common knowledge are 
leported at consideiable length The description ot the systemic complications of gonococcic 
infections does not seem \er\ adequate, aithritis is dealt with on one page, there is no dis- 
cussion of general gonococcic sepsis or of the interesting cutaneous lesions The reviewer 
disagrees sharply with the statement (p 7b) that removal of so-called chronic focal nnections 
(teeth, tonsils, etc) serves am particular purpose in gonococcic infections 

The March of Medicine The New York Academy of Medical Lectures to the Laity, 
No 7 Price, $2 50 Pp 217, with 11 figures Xcvv \ork Columbia Lmversitv Press, 
1943 

The names of the writers, J \ Miller, Tracy Putnam, A A Brill, Gescll, JolhfTc and 
Carlson, are enough to guarantee the high quality of the lectures The value of medical 
presentations to the laity is always hard to assess, lecture audiences arc notably oi mixed 
intelligence It seems worth while, thciefore, that these discussions should appear m print, 
so that persons really' interested can consider them at leisure Tuberculosis, psychologv and 
psychiatry, and nutrition make up the chief topics 

Renal Lithiasis Bv Charles C Higgins, MD Price, 83 00 Pp 140, with 18 figures 
Springfield, 111 Charles C Thomas, Publisher, 1943 

This little book, handsomely printed and illustrated, is an elaboration of the author’s 
Beaumont Lecture on renal htlnasis A considerable portion of the text is devoted to reports 
of the animal experiments on which the author bases Ins view that vitamin A deficiency plays 
a major role in the development of certain types of renal stone A section on operative treat- 
ment comes next, and finally' diet lists of foods high in aud ash and vitamins There arc a 
bibliography and an index 

The Neuromuscular Maturation of the Human Infant By Mvrtlc B McGravv Pp 
140, with 28 figures Price, ?2 New York Columbia University Press, 1943 

This scholarly little monograph deals in a lughlv technical manner with the details of 
development of neuromotor activities in the newborn All the various reflexes, such as 
rolling and turning, receive meticulous consideration, and the whole subject is developed 
against a background of the general problem of behavior as well as neuroanatomv This 
volume will surely have to be consulted bv special vvoikers in the field 

Flying Men and Medicine By E Osmun Barr Price, $2 50 Pp 270, with 10 drawings 
New York and London Funk &. Wagnalls Company, 1943 

“Here is the story of aviation medicine told in simple English ” 1 his statement of the 

publisher, taken from the jacket, summarizes very well the contents of the book 1 ie vvri ing 
is excellent, and the material is comprehensive and soundly dealt with The story is o in a 
vivid, but not sensational, manner The layman interested in aviation shou c n 1 in eres m a 
reading There is an index 



HERRICK— NEGLECT OF “INVENTUM NOVUM" 


743 


diseases of the chest, nor m any way to belittle the importance to medicine of Ins 
remarkable volume, “the little book so small, so terse, so wonderful,” as Weir 
Mitchell 7 teimed it It was largely because of the stimulus given by the “Inven- 
tum novum” that the work of Corvisart, who levived Auenbrugger (1808) and 
geneiously gave him full credit for his discovery, as well as the work of Laennec, 
of Skoda himself and of otheis made Auenbrugger’s place in the hall of fame 
forever secure 

The long neglect of Auenbiugger is not a unique occurrence While the worth 
of some epoch-making medical discovenes has been promptly recognized, delay 
m acknowledging the ment of others has led to tedious, perhaps ill tempered 
discussion and to resentful leaction on the pait of the disco veier and his friends 
Some, like the sensitive Semmelweiss, after pleading m vam, after brooding until 
worn out, have finally broken down Had Semmelweiss flared up with a violent 
outburst of angr}'- invective, the result might have been less tragic When Scotch 
levi ewers unjustly attack it may be better to fight back as did Byron than to wilt 
as did the hypersensitive Keats 

Some, however, did not break down Vesahus bitterly resented the criticism 
of his contempoiaries In a fit of anger he burned Ins books and manuscripts, 
gave up teaching and, shaking the dust of Padua from his feet, left that city to 
become the court physician of the Emperor Charles V Nor did the peppeiy 
Haivey suffer in silence In 1649, in his second disquisition to Riolan of Paris, 
he referred to contemporary critics of his “De motu” as detractors and mummers 
who were unworthy of an answer “Let them consume on their own ill-nature 
They will scarcely find many well-disposed readers, I imagine, nor does God give 
that which is most excellent, and chiefly to be desued — wisdom — to the wicked 
Let them go on railing, I say, until they are weary, if not ashamed ” 8 

Yet Auenbrugger’s action was strangely different from that of Semmelweiss, 
Vesahus and Harvey He did not wait to be attacked, he anticipated such 
action He expressed beforehand the utmost contempt for those who, he said, 
would attack him, declared he would not deign to answei them In general he 
seems to have kept this vow 

That the forty years’ neglect of Auenbruggei was m large measure due to 
the causes so thoroughly consideied by Noltemus and Neuburger is clear Yet, 
m addition, commentators have geneially charged that much of the onus for this 
unfortunate and tragic occuirence must be borne by the two leaders of Viennese 
medicine of that time, van Swieten and de Haen Had these two men been 
friendly, had they publicly endorsed Auenbrugger, all would have been well, one 
is told Instead, they preserved an “icy silence ” They ignored the industrious 
young scientist, though they were familiar with his work, foi it was carried on 
laigely m their wards 

Auenbrugger has been all but canonized by his admireis The purpose of 
this paper is to offer the rather heterodox suggestion — I dare not use a stronger 
term, like “claim” — that the fault may have lam, much more than is generally 
recognized, in Auenbrugger himself, m his peculiar personality Perhaps, after 
all, he was human, with the frailties of ordinary human beings 

For some reason he did not always get along well with his fellow workeis in 
the wards Is it not possible that while working m the Spanish Hospital, using 
many patients that had been loaned him through the corn tesy of de Haen and 
van Swieten, his attitude toward his associates and his superiors gave offense ? 

7 Mitchell, S W Early History of Instrumental Precision in Medicine, New Ha\en, 
Tuttle, Morehouse & Taylor, 1892, p 24 

8 Powers, D’A William Harve}, London, T F Unwin, 1897, p 226 
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musical eai of the discoxctei, and the sense of lesistance would be lost Then, 
especially m the lattev half of Ins book, there was vagueness, and c\cn some crior, 
m the piesentation of his subject All of these f.iets tended tow aid bewilderment 
rather than claiification in the mind of the icadci 

That many failed to lead the book at .ill or lead it caielesMy, confusing Aucn- 
brugger’s method with the Hippocratic succussion sound, is clearly bi ought out 
by Noltenms In laige measutc, as Dock 1 ’ emphasized, this was due to indolence, 
they wane too lazy to lead c.ucfully, and they did not bother to translate accurately 
And Neubuigct was probably right m lus caustic statement that the number of 





LEOPOLD AUENBRUGGER, 1722-1809 

Fig 1 — Leopold Auenbiugger (from Sigcrist, H E Tlie Great Doctors, New \orh, 
W W Norton & Company, Inc , 1933, facing p 240) 

those who were not able to hear when they' pei cussed was decidedly smaller than 
the numbei who did not wish to heat They' w'eie against the 1 evolutionary 1 eas 
of the young upstait , . 

Finally, Auenbiugget’s Latin was not always cleai, a point bi ought out iy 
Ungar, 1 which will be taken up later 

In offering my' views there is no intent to dispute the claim that Alien rugger 
was a pioneer m modern diagnosis, at least as it concerns physical diagnosis o 

6 Dock, G Leopold Auenbrugger and the Histoiy of Percussion, Michigan Alum u , 
November 1898 
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Most commentatois have lefenecl to Auenbi ugger as a modest, unassuming man 
who w r as a maityi to the ignorance and the ill natured opposition of his con- 
tempoiaues de Haen and van Swieten Ungar m his preface to his translation 
of the “Inventum novum,” said that in “1761 the book appeared timidly and 
modestly” ( zaghaft und besclmden ) But is this the spirit shown in Auenbrug- 
gei’s pieface^ Was he not a little toplofty, “biggity” as Uncle Remus would say, 
when he declaied that after seven years of study he knew (italics mine) that 
his lesults weie collect? Readers, he said, would of course be influenced as 
they had been in the case of other mvestigatoi s, by envy, malice, hatred, detrac- 
tion and calumnj He expected to be vilified But he did not piopose to waste 
any effoit m the future to reply to criticism or to advance further proof He 
seems to have been saying “Take it or not, I am indifferent as to what you do 
I admit that much remains to be discovered, but — let others do the work, I’m 
through” This failuie of Auenbrugger to follow up the rich lead he had discov- 
ered was aptly l efen ed to by Dock 9 as sti ange and unexplained 

Now could the two leaders of the Vienna school be expected to bestow an 
approving pat on the back of this young man of 39 yeais who assumed such a 
lofty, almost defiant, pose? Whs it not asking too much of them? The tem- 
pestuous 57 year old de Haen, true to form, opposed the innovation because, 
forsooth, as Neuburger 10 has said, he was not its author Van Swieten, then 61, 
better poised and peace loving, though he had been leferred to by Auenbrugger 
in complimentary teims as the lllustnous Baron van Swieten, quietly ignored 
the remaiks of lus pupil that, to say the least, were tactless Possibly van Swieten 
may have said to his colleague de Plaen, as he once wrote him on anothei occa- 
sion and on another topic, “What’s the sense of all this row? Quiet down I 
never couit a fight” 11 That they did ignore him is shown by the fact, vouched 
for by Noltemus and confirmed by Clar, 12 that m the voluminous writings of these 
two men — de Haen m 1769 had fifteen volumes to his credit — not one reference 
to Auenbrugger and his percussion is to be found Ungar said van Swieten 
may perhaps have given him the slightest notice, thus damning him with faint 
praise Noltemus, 13 however, said that van Swieten’s “Commentanes on Boer- 
haave’s Aphorisms,” though discussing hydrops and empyema of the chest, made 
no mention of percussion May not Auenbrugger’s attitude explain in part the 
indifferent or unfnendly leception given by these men to his book? 

As an extenuating circumstance that may help explain the resentful behavior 
of Auenbrugger one may surmise, as did Noltemus, that Auenbruggei had been 
subjected to criticism and ridicule by skeptical physicians who saw him at work 
day after day in the wards, going through a performance that to them seemed 
nonsensical Aftei seven long years of such unpleasant tieatment it can be under- 
stood how all this “got under his skin,” how he became exasperated, irritable, 
rebellious One may surmise also that Auenbrugger was unaware of the state 
of his own mind at the tune he wrote He may have harbored in his subcon- 

9 Dock, G Roziere de la Chassagne, and the Early History of Percussion of the 
Thorax, Ann M Hist 7 438-450, 1935 

10 Neuburger, 3 p 26 

11 See Ebstein, E Act ztc-Bnejc aus vier Jahrhunderten, Berlin, Julius Springer, 1920, 
pp 18-24 Strangely, too, in this same letter, written Sept 10, 1761, he also said “I am not 
ashamed to learn from a young physician ” Though there is no warrant for assuming that 
van Swieten had Auenbrugger in mind when he wrote this, it is a striking coincidence that 
the preface to Auenbrugger’s book was dated only a few months before this time, Dec 31, 
1760 The volume itself appeared early in 1761 

12 Clar Leopold Auenbrugger, der Erfinder der Percussion des Brustkorbes, geb zu 
Graz 1723, gest zu Wien 1809, und sem Inventum novum, Graz, Leusclmer u Lubensky, 1867 

13 Noltemus, 2 338 
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GERHARD VAN SWIETEN, I7OO-1772 



ANTON DE HAEN, I7O4-1776 

— Gerhard van Swieten and Anton de Haen (from Sigenst, facmg p 209) 
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stmg concealed heie^ Oi ma}, possibly, de Haen and van Swieten, those expeits 
m prodigal woi dmess, have felt that there was a covei t reference to themselves ? 1 0 

The penod 1761 to 1776, the year when de Haen died, the period m which 
the method of percussion was tieated paitly by dead silence, partly by scorn, 
was not an entirel) happy one for Auenbrugger, as quotations from his writings 
have shown Yet he was by no means entirely unhappy He was bus) with 
practice and was called in consultation by physicians and surgeons, especially in 
cases of disease of the chest He was popular as a practitioner, noted for his 
kindness to the poor, happy m his home life and in his love of music, a welcome 
guest in social circles "A grave, contented, music-loving German” Weir Mitchell 16 
called him Honois came to him later In 1784 he was elevated by the Emperor 
Joseph to the nobility as “Edler von Auenbrugger ” While his last )ears were 
made soriowful by impaired eyesight and by the loss of his wife, m 1807, it suiely 
must have cheered the heart of the old man to know that, owing to Corvisait, his 
woilc was at last accorded the world praise that was long oveidue He died 
May 18, 1809, m his eighty-seventh }eai 

AUENBRUGGER^ LATIN 

The terseness of Auenbrugger’s Latin and its predominant clanty have justly 
excited favorable comment Yet, in places, and in a measure because of this 
terseness, one has difficulty in getting the exact meaning Ungar 1 referred to 
his Latin as “etwas dunkel ” “The peculiarity of the authoi’s style, the 

frequent ambiguity of expression, the appaient contradiction m places of state- 
ments found elsewhere, the incompleteness of the terminology have made the 
intei pretation difficult” 

I omit as not germane to the question discussed in this paper all consideration 
of the critical study made by Ungar of various portions of the mam body of the 
text of the “Inventum novum ” Attention is directed to the preface and especially 
to the ninth sentence, which is also the ninth paragraph That the meaning of 
this paragiaph is not clear is shown by the fact that it has been translated by 
different commentators m several ways It reads as follows 

Et haec erat ratio, cur cum signis quieverim, atque etiam m his, ad inevitabilem causarum 
quarundam enumerationem, quae ad illustrandas observationes meas conferre poterant, con- 
fugerim ad commentaria Ulustrissimi L Baronis van Swieten, quoniam in his, quid quid ab 
observatore Homme desiderari unquam potest, absolutum mvemtur 

The English translation (Forbes) reads “Owing to this acknowledged imper- 
fection, it will be seen, that, m my difficulties, I have had lecourse to the Com- 
mentanes,” etc In the French (Coivisart) it is interpreted to mean “This is 
the reason why when I felt the lack of signs,” etc (“lorsque je manquai de 
signes”) Ungar said Corvisart’s translation of “et haec latio” is forced and 
not in agreement with the preceding sentence The translation of “quiescere” is 
contrary to “every Latmity,” he declared The Geiman translation, as it seems 
to me, comes nearer to the meaning, it interprets “quiescere” as “to be satisfied 
with” (“es bei bewenden lassen”) 

15 I may add that much later, in 1867, Clar of Graz, who though he defended Auenbruggei 
yet made critical, not always laudatory, comments on his work, was guilty of tremendous long- 
windedness, as witness one sentence of about 550 words covering a page and a half The onlv 
other winter wdiom I have run across wdio compares with him in this respect is Friedrich 
Kreysig (Herrick, J B A Short History of Cardiology, Springfield, 111 , Charles C Thomas, 
Publisher, 1942, p 81) 

16 Mitchell, 7 p 24 
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scious stiatum a tenseness that w as dose to the hi caking point When the book 
had been published, when this tenseness was i dieted, when lie was sadlj dis- 
illusioned as to hoped-foi ptaisc In a an Swicteti, he ma\ have sonowlulh realized 
wdiat he had done and how lie had gnen ofiense 

Eaily m 1762 he manifested lesentimnt when he icfei icd to the jealous) and 
lmsundex standing of colleagues In the pictace to a book dealing with the treat- 
ment of manta in men, “Expeiimcntum unseens de lemedio spccifico 
he said that “the lustoix of im last patient is incomplete became tod.it — Januart 
14, 1762 — ni) suboidinate in lank who latei became im successor, induced In 
clandestine molitcs to nn suipnse and without telling me abou* it fhseharged 
the patient fiom the hospital” Mso, in the foicword to the book lie unqtics- 
tionabh refencd to hnnselt when lie quoted “rams emm piophcta in patna” 
Furthei, in 1776 m a lettei to Mallei 1-1 which accompanied a gift cop\ of the 
book “Expci linentum nascens ' he apologi/ol for cettain imperfections, and said 
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Fig 3 — Facsimile of the first paragraph of Aucnbrugger’s letter to Haller (from Neuburger, 
facing p 24) 


he trusted they might be overlooked, foi it w as not Ins fault that the) tvere there 
‘ Non quidem mea culpa est, sed '” One can only tvonder what is meant 
by the “sed 

It is not easy for one today to interpiet correctly wdiat may have been the 
true intent of something written nearly two centimes ago Correct interpreta- 
tion demands a letiojection of the commentatoi into the past so that so fai as 
possible he realizes conditions as they tveie at that time Contemporaries are 
to be judged by the yardstick of their time and not by that of today, as Neuburgei 
put it It is because this cannot be satisfactorily done that it may be unfan even 
to hint that when in his pieface to the “Inventum novum” Auenbiuggei said, I 
prefer to express myself m a few words,” in his own mind he underscored 
the word “I ” Could it be that there was — perhaps unintentionally — a satirical 

14 Neuburger’s Monograph 3 (facing page 24) has a photostatic copv of the autograph letter, 
as well as one of a letter of sympathy to Haller, whose son had died in 1778 
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It is the puipose of this paper to call attention to the involvement of organs 
other than the skm m the course of sclerodeima and to discuss particulaily the 
clinical and the pathologic changes resulting from myocardial lesions associated 
with this condition 

The physician frequently encounters patients with heart disease which does 
not fit into any of the various categories usually listed m textbooks of medicine 1 
Unless particular attention is paid to the establishment of the etiologic factois 
underlying the condition one is likely to miss the significance of ceitam larei foims 
of generalized disease which may lead to myocardial failure It is easier to con- 
clude that a given patient suffers from an unusual manifestation of artenoscleiotic, 
hypertensive, rheumatic, syphilitic or congenital heait disease than it is to establish 
the association of myocardial changes with some less familiar condition which may 
affect the heart One of these less familiar conditions is sclerodeima 

Because of the forcing of certain cases into the better recognized foims of heart 
disease the progress of knowledge regarding etiologic classification has been handi- 
capped Accurate etiologic classification is of piactical, as well as of theoietic, 
importance, because many of the larer foims of heait disease are amenable to 
specific therapy Although the incidence of an) one of these less common forms 
of heart disease is not great, the group as a whole comprises an appreciable per- 
centage of the instances of cardiac disease encounteied in medical practice The 
observation that generalized scleiodeima was one of the “not well recognized” 
causes of heart disease led to the present stud) 

The causation of the generalized form of scleroderma is not known 2 It 
occurs m females about twice as often as m males and most frequently in persons 
m the fourth and the fifth decade, but it can occui at any penod from mfanc) to 
old age The course is extremely variable, the onset may be insidious with man) 
years required foi its full development, or the disease may appeal and progress 

From the Departments of Medicine and Pathologv of Harvard Medical School and Peter 
Bent Brigham Hospital 

fThis paper represents an expansion of material collected by Dr Weiss before his 
death on Jan 30, 1942 Dr Weiss presented this material in part at a meeting of the New 
England Heart Association in Boston on Dec IS, 1941 

1 Weiss, S Diseases of the Heart and the Aorta Which Are Not Well Recognized, 
M Clin North America 23 1323 (Sept ) 1939 

2 Burch, G E Scleroderma Etiologj and Abnormal Phvsiologv New Orleans M & 
S J 92 12 (July) 1939 
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In my perplexity ovei the propei translation of this sentence I appealed for 
help to my friend Payson S Wild, of Chicago, well known as an expert classical 
scholar I am grateful to him for his opinion in the matter He believes that 
“quievenm,” as well as “confugenm ” depends not on “cum” but on “cur ” “Cum” 
is a preposition followed by “sigms” , it really goes with, or is a pait of, “quievenm ” 
Facciolati and Forcellim, m their “Totius Latimtatis Lexicon,” have cited examples 
fiom classical Latin m which — pet synechdochem — “quiesceie” is used as the equiv- 
alent of “onuttere or desmere,” translated m English “to give over,” “to leave off ” 
Auenbiugger seems to have followed a German usage — much like the use of 
aujhoten He meant to say he “broke off with” the signs, stopped considenng 
or experimenting with these signs The sentence may then be translated “And 
this was the reason why I stopped experimenting with these signs, and why 
also, as an aid m the necessary listing of certain causes that could assist m making 
clear my observations, I had recourse to commentaries of the most illustrious 
Baion van Swieten, since in these whatevei is needed by the observant individual 
is sure to be found ” 

He continued m the next paiagiaph “I thus avoided the need of prolix 
writing and also laid a most secure foundation on which the ludiments of my 
discovery would more creditably rest ” 


SUMMARY 

That the “Inventum novum” was all but forgotten until levived by Corvisart 
m 1809 was largely due, as shown by others, to several factors Auenbrugger 
gave the wrong impression, viz , that by percussion alone a diagnosis could 
be made His technic was not perfect— e g , he used one hand only and that 
often covered by a glove — so that less skilled physicians failed to get the hoped-for 
results Many who read his book caielessly, if at all, thought he was merely 
revamping the old Hippocratic sound The meaning of his Latin was at tunes 
obscure Especially, a large part of the blame has been attributed to the icy 
silence” of his seniors, de Haen and van Swieten, in whose wards he worked 

In this note the question is raised whether Auenbrugger’s own personality 
maj not have had much to do with alienating de Haen and van Swieten There 
is presented evidence that he had difficulty in getting along with other ^workers 
m the wards In his preface his words reveal a toplofty or defiant attitu e , le 
knew he was right, though much remained to be done m peifectmg tie me io , 
he was through, others must do it , he expected to be vilified as other contr i utors 
to science had been but he would not deign to answer criticism of any in 
this may have given offense to these Viennese leaders That le ivas een F 
disappointed by the action of his chief, van Swieten, is cleai ia ^ ^ 
tensely nervous and irritable is highly probable Even long after 11 s , 

ment is shown by excerpts from letters A critical study o a paragr p 
his preface is added as an attempt to clear some of the obscuri } o i 

In offering this rather heterodox explanation I wish to ec are my c 
tion for Auenbruggei ’s talent as an original investigator as we as or e 
and terse Euclidean stvle nf the “Inventum novum His p ace m e 


and terse Euclidean style of the 
fame is forever secure 
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Foi about one j'ear prior to admission the patient experienced gradually increasing 
dj spnea, which became quite severe during 'the two or three months befoi e admission Asso- 
ciated with this she had moderate swelling of the ankles, and for five or six weeks her face 
was swollen on arising in the morning In the month prior to admission she became 
orthopneic and spent several nights sitting up in a chair She also had a dry cough and 
occasionally woke up at night with a severe coughing spell and dyspnea At such times 
she would frequently cough up white frothy sputum 

A year or so before admission she began having “heartburn” and would often have a 
feeling of substernal fulness soon after eating On rare occasions this was accompanied by 
vomiting There weie no other gastrointestinal symptoms A review of each system failed 
to reveal any other complaints 

Physical Examination — On admission to the hospital the patient was well developed 
but poorly nourished The skin of the entire body had a “tanned” appearance and was tight, 
shiny and inelastic The changes were most marked about the face, arms and hands There 
were several small aieas of nonpigmented skm There was moderate thinning of the 
hair The face was expiessionless , the mouth was small and could be opened to a limited 
extent only The retinal vessels were not abnormal The voice was rather hoarse The 



Fig 1 (case 1) — An electrocardiogram 

veins of the neck were distended, and the neck was slightly stiff Examination of the lungs 
revealed slight dulness and moist rales at both bases posteriorly The heart was moderately 
enlarged to the left The rate was rapid and regular except for an occasional premature beat 
The sounds were of good quality, and there was a slight apical systolic murmur with a proto- 
diastolic gallop sound The pulmonic and the aortic second sounds w'ere of equal intensity The 
artenal pressure was 140 systolic and 100 diastolic The abdomen was rather full and tense, 
but examination failed to reveal definite evidence of fluid The edge of the liver was not felt, 
but there were dulness and tenderness in the right upper quadrant of the abdomen The 
spleen could be felt to descend on deep inspiration There was moderate edema of the sacral 
region and the ankles 

Lahoiatoiy Examination — The hemoglobin content of the blood and the red and the white 
cell count were normal The specific gravity of routine specimens of urine ranged as high as 
1 022 All samples contained albumin (3 plus), and two contained occasional red and white colls 
The total serum protein was 6 7 Gm per hundred cubic centimeters, with 3 3 Gm of albumin 
and 3 4 Gm of globulin The serum per hundred cubic centimeters contained 152 mg of 
cholesteiol, 10 2 mg of calcium and 4 0 mg of phosphorus There was 48 per cent excretion 
of phenolsulphonphthalein in two hours Vital capacitj was 1,100 cc The circulation time 
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to a fatal teimmation m a few weeks 3 The eaily stages of the disease may be 
chaiacterized by the presence of slight edema, induration and inflammatory 
changes m the skm, to be followed latei by the moie chaiacteristic, tight, “hide- 
bound ’ skm, usually deeply pigmented, but with occasional areas of pigment loss 
The skm may vary m coloi from i\oiy to daike bronze, like that seen in hypo- 
adrenalism with pigmentation The skm of the extremities and the face is com- 
monly involved, but that of the entile bod} is also frequently affected In many 
cases Raynaud’s syndrome occuis eithei befoie, simultaneously with or after the 
onset of scleroderma There is fiequently a histoiy of symptoms lefeiable to 
joints, and a diagnosis of lheumatoid artlmtis may be made before the sclero- 
derma becomes obvious Atrophy of the skeletal muscles often occurs This 
happens not only under the sclei odei matous skm but distant from it, probably 
because of disuse There may be slight fever, malaise and constitutional symptoms 

Various laboiatory procedures ha\ e not given consistently abnormal results 
Theie may be slight anemia The basal metabolic rate usually is within normal 
limits but may be moderately elevated or, more frequently, depiessed Roentgen 
examination of the involved parts may show decalcification of bone 01 even loss 
of bony substance m the teinnnal phalanges, and at tunes theie may be calcified 
aieas m the skm 

When first descnbed, sclei odeima was regarded as a disease restricted to the 
skm, but latei writers on the subject have descnbed manifestations in othei 
organs It is now well known that the disease may affect the lungs, the endocnne 
glands and the gastrointestinal tiact 1 Although pathologic changes in the heart 
ha\e been leported m a few cases , 5 cardiac symptoms during the course of sclero- 
deima have rarely been descnbed Tne following cases are reported because 
they all have aspects which suggest the piesence of heait disease of an unusual 
type m patients with geneiahzed sclerodeima Other instances of generalized 
sclei odeima have been encounteied in which theie has been suggestive evidence 
of myocardial involvement Because our data on the latter cases are incom- 
plete, they are not recorded here 


REPORT Or CASES 

Case 1 — M W , a housewife aged 27, was admitted to Peter Bent Brigham Hospital 
in 1940 

Histoiy — Six jears before admission she noted that her hands were frequently cold and 

clammy, and in August 1934 her hands turned a “waxy white” while she was swimming 

At this time she also had mild aching in both wrists The symptoms became more requen 
and severe, and in October 1935 right and left cervicothoracic sympathec omies w i 
formed Although there was temporary improvement, the symptoms rc u ™ e 
accompanied later by pam and cyanosis of the fingers Three years before a m welling 

deformity of the hands first developed, with flexion contractures an 0C P , which she 

About one and a half years before entry she noted pigmentation o " ier ’ anpearec j 

though at first to be just “tan" At the same t,m= a few areas of P s hm 0 f 

in the skin The skm of her face, hands and feet became tight an s1 '” ’ ,j appear on 
the entire body became involved From time to time small ulcera e 
her finger tips and over bony prominences 

3 MacCallum, W G Acute Diffuse Scleroderma, Tr A Am a ynxversalis, 

4 (a) Matsui S Ueber die Patliologie und Pathogenese von Talkov R 

Mitt a d med Fak d k Umv zu Tokyo 31 55, 1924 (k) L'” en ’ > ’ ... j 17) 1941 

Pulmonary Fibrosis in Raynaud’s Disease, New England J Me " \T e w Orleans 

(c) Ochsner, A, and DeBakev, M Scleroderma Surgical Considerations, New Orleans 

f (u) J B™ck 4 W U G ) 'SLatomvos.hs and Diffuse Scleroderma, Arch Dermat & Syph 
30 227 (Aug) 1934 (&) Matsui 
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of the thyroid, bilateral degeneration of the crura of diaphragm and of the second and the 
third intercostal muscle 

Autopsy — The skin in all regions was smooth, thick and leathery in texture Only with 
great difficulty could the skin be lifted from the underlying tissues, and no wrinkling resulted 
from this procedure Over the lower portions of the abdomen and about the neck, wrists 
and lower parts of the forearms the skin was dark brown This was m contrast to areas 
which were pure white, distributed in patches over the abdomen and m longitudinal linear 
streaks in the heavily pigmented regions of the neck and wrists The rest of the skm was 
white, without areas of deep pigmentation Because of the induration of the skm, the fingers 
were fixed in a position of flexion There were small ulcerated lesions on the second and 
the fourth finger of the right hand, on the right knee and on both internal malleoli The 
distribution of body hair was normal On external examination subcutaneous edema was 
demonstrated in both legs, over the sacrum and in the labia majora 



Fig 3 (case 1) — The posterior aspect of the heart The heart is globular There 
are numerous scars in the walls of both ventricles, for the most part linear in distribution 


In making the primary incision it was noted that there w'as marked edema of all sub- 
cutaneous tissues, the edema being apparent to external examination only where maximal 
because of the induration of the skin There was no subcutaneous fat The second and third 
intercostal muscle on either side was grayish pink and reduced in size Other voluntary 
muscles were pale but normal in contour 

The peritoneal cavity contained 600 cc of clear, yellow fluid The crura of the diaphragm 
on both sides were slightly thinner and considerably paler than the central portions 

The left pleural cavity contained 750 cc of yellov r fluid and the right one 900 cc There 
were a few easily broken adhesions about the apex of each lung The pleural surfaces were 
smooth, moist and glistening Examination of the mediastinum show r ed nothing abnormal 
The parietal pericardium was markedly edematous and gelatinous in appearance Three 
hundred and forty cubic centimeters of yellow fluid was present in the pericardial ca\itj 
The serous surfaces w r ere free from exudate 
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with sodium cyanide (arm to carotid sinus) was forty-two seconds The renous pressure in 
the antecubital vein was 250 mm of water, the normal range by the method used being 50 to 
150 mm of water Pericardial fluid (obtained at postmortem examination) was clear yellow, 
with a specific gravity of 1 017 and a total protein content of 3 7 Gm pei hundred cubic centi- 
meters Electrocardiograms showed low electromotive force, slight left axis deuation, low T 
waves and prematuie auricular and ventricular beats (fig 1) Roentgen examination revealed 
marked cardiac enlargement, both to the right and to the left (fig 2) The heart was tri- 
angular in shape and had a wide base The amplitude of the beat was diminished The 
findings suggested the diagnosis of a pericardial effusion There were moderate pulmonary 
congestion and fluid in both pleural cavities Roentgenograms of the hands and wrists showed 



Fig 2 (case 1) — A roentgenogram of the chest The heart is greatly enlarged It is 
triangular, with a broad base 

definite atrophic changes, with partial loss of the terminal phalanges, more marked on the 
right hand 

Course of Illness — The patient’s temperature remained normal throughout her stay in the 
hospital The pulse rate ranged between 80 and 110 beats per minute She continued to have 
respiratory difficulty despite therapy with digitalis, ammonium chloride and mercupurin On 
the eleventh day in the hospital, while sitting on the edge of her bed eating lunch, she suddenly 
fell back on the bed, rapidly became unconscious and cyanotic, gasped a few times and died 
Anatomic Diagnoses — The anatomic diagnoses included scleroderma, myocardial cicatri- 
zation , hydropericardium (340 cc ) , bilateral hydrothorax , ascites , generalized edema , 
chronic passive congestion of the liver , splenomegaly (weight of spleen, 280 Gm ) , atrophy 
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ing to the points of origin of the posterior papillary muscles This area was puckered, some- 
what concave and firm in texture The cut surface of the myocardium was paler than usual, 
with irregular firm white streaks among the bundles of muscle All valves were normal 
The coronary arteries were not thickened or occluded Then intimal surfaces were entirely 
free from atheromatous plaques 

The right lung weighed 270 Gm , the left one, 230 Gm There was normal crepitancy 
in all lobes Surfaces made by cutting were pale pink, a small amount of pink fluid was 
expressed by pressure The hilar lymph nodes were normal 

The spleen weighed 280 Gm It was firm in consistency, and the capsule was not wrinkled 
The color of the cut surface was deep red, traversed by firm white lines Thin sections held 
their shape perfectly 



Fig 5 (case 1)— An area of scarring within the myocardium The scar is composed of 
collagenous tissue rich in fibroblasts and in capillaiies A few muscle fibers remain well up 
within the 'lesion Eosin-methylene blue stain , X 300 


The liver weighed 1,380 Gm The capsule was not thickened The organ w'as firm in 
consistency and deep red in coloi Externally, as w 7 cll as in cross sections, there was con- 
spicuous lobular mottling, consisting of deep purple central zones surrounded b\ pale \cllow 
hepatic parenchyma 

The thyroid weighed 22 Gm It was uniformly firm in consistent Little colloid could 
be seen in the deep red, meaty surface exposed b} cutting 
The aorta was elastic and fiee from atheroma 
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The heart weighed 300 Gm and was globular in shape A moderate amount of pale epi- 
cardial fat was distributed chiefly along the course of the coronary vessels Cher the anterior 
surface of the left ventucle, just to the left of the interventricular septum, there were numerous 
linear white areas involving both the epicardium and the superficial portions of the myo- 



Fig 4 (case 1) A scar m the superficial part of the myocardium with extension into the 
■subepicardial fat The connective tissue beneath the mesothelial layer is increased in amount 
Aosin-methylene blue stain, X 300 

cardium These areas measured 1 to 2 cm in length They were somewhat fiimer than the 
intervening tissue On the posterior aspect of the heart (fig 3) similar white areas were 
present in even greater numbers There was one white region 2 5 cm m diameter correspond- 
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lagenous tissue rathei than a primary piocess to which the proliferation of connectne tissue 
might have been a lesponse No areas of recent infarction were encounteied 

In sections which did not contain focal areas of fibiosis, there was a diffuse bioadenmg 
of the bands of the myocaidial connective tissue The fibrous tissue was edematous, delicately 
fibrillar and rathei cellulai in chaiacter Capillaries weie abundant and conspicuously engorged 
The myocardial fibers in these areas were normal in appearance 

The endocardium was normal m thickness in many areas Elsewhere, however, it was 
greatly thickened bj an increase of fibious tissue, which blended with the connective tissue of 
the underlying myocardium 

The epical dial surfaces showed no evidence of mflammatoiy change In se\eial places, 
however, there were focal areas of lymphocytic infiltration in the epicardial fat Fiom plate 



Fig 7 (case 1) — A portion of a myocaidial lesion containing a group of slit unken lat cells 
and engorged capillaries Eosin-methylene blue stain , X 300 

to place, areas of fibrous tissue, similar to that in the mjocaidium wcic found in the epicardial 
fat These were duectly continuous with scais in the nnocaidium and seemed to be due to 
the spread of a piocess onginatmg within the musculature (fig 4) 1 he coronate a r tcries 

presented little mtimal thickening, and no atheromatous deposits were encountered 

Lungs In most aieas the only abnormahte was \ascular coi gestion and a slmht mcfec 
m the perivascular connective tissue There weie a lew legions in winch the eonneeme 
tissue of aheolar walls and interlobular septums was stiikmgh increased (Tigs 8 and <>) 
In these regions \asculai engoigemcnt was maiked Large numbers oi niononncU ir c 
w f ere encounteied m the alveoli, some of which contained hcnicsiduin Mam re 1 cell- v er- 
present m these alxeoli but polvmoi phonuclear leukocetc- were not encountered 'lie brc’.Tu 
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The alimentary tract, pancreas, gallbladder, kidneys, adrenals, uterus, manes venae ca\ae, 
ribs, vertebrae, breasts, pai athv raids, brain, pituitary and spinal cord did not show am sig- 
nificant changes on gross and microscopic study 

Mtcioscopic Examination — Heart Sections taken from the regions in which white 
streaks were noted grosslv showed aieas of fibrosis unusual in character Ihcsc areas were 
most numerous just beneath the epicardium, but thej also were encountered in nudmjocardium 
and under the endocaidium Medium-si7ed arteries weie often included m the areas of 
fibrosis, but the fibrosis was not alwavs perivascular in position 1'hese aitcrics showed little 
evidence of mtimal thickening There was no medial degeneration or atheromatous deposits 
The connective tissue in the aieas of fibrosis was composed ot delicate collagen fibers 
with numerous fibroblasts (fig 5) From place to place, fat cells, singlv or m groups, were 
encountered in the connective tissue (fig 7) There were no hemosiderin deposits or mfil- 



Fig 6 (case 1) — A photomicrograph showing the relation of a myocardial lesion to the 
surrounding musculature The edges of the scar ai e irregular, and its connective tissue blends 
with that of the adjacent myocardium Scattered muscle fibers pcisist within the lesion 
Eosm-methylene blue stain, x 150 


tration with inflammatory cells Occasional myocardial fibers persisted within the areas of 
fibrosis (fig 6) Many of these fibers were morphologically normal but were completely 
isolated by connective tissue Other isolated fibers showed various stages of degeneration 
The scars were unusually vascular (fig 5), numerous capillaries being found among the 
connective tissue fibers They were thin walled and engorged with blood, often markedly so 
The tissues of the scars, in consequence, bore more resemblance to granulation tissue than 
to scars due to arteriosclerosis or to old myocardial infarction The process was regarded 
as one of gradual replacement of muscle fibers by fibrous tissue The atrophy of muscle 
fibers appeared to be the result of compression and strangulation by the overgrowth of col- 
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matory cellular infiltration did not accompany these changes However, there were scattered 
lymphocytes and a few polymorphonucleai leukocytes m the connective tissue in other areas 
Perivasculai collais of lymphocytes weie noted about a few small vessels Sections of the 
musculature of the central poitions of the diaphragm and of several other muscles did not 
show any deviation from noimal 

Skin The epidermis and the appendages of the skin were normal Throughout the pars 
papillaris and the pars leticularis a marked increase of dense collagenous connective tissue 
was present There was conspicuous fragmentation of the elastic tissue of the cutis The 
subcutaneous fat was divided into lobules by lathei broad and dense bands of collagenous 
connective tissue The changes were those of the late stage of scleroderma 



Fig 9 (case 1) — An area of extensive fibrosis in the lung The alveoli are widely separated 
from one another They contain phagocytic cells filled with pigment Hematoxyhn-eosin stain , 
X 300 

Case 2 — A N , a white widow aged 56, was admitted to Boston City Hospital m 
September 1937 

During the preceding year she had been weak and had lost about 20 pounds (9 Ivg ) m 
weight For a few months before admission she had been bothered by pains in both knees 
and moderate dyspnea on exertion Later she had felt somewhat feverish in the late after- 
noon and had had a constant ache in the lower part of the back This had been accompanied 
at times by dysuria, frequency of urination and nocturia There was slight orthopnea at this 
time but no other cardiovasculai symptoms Physical examination on admission to the 
hospital revealed only a few rales at the bases of both lungs, a questionably enlarged heart 
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were normal There was moderate thickening of the pleura by dense connective tissue The 
walls of blood vessels were free fiom sclerotic changes 

Spleen The splenic sinusoids were much engorged, and the red pulp was largely depleted 
of lymphocytes There was a considerable increase of the connective tissue among the sinuses 
In contrast, the malpighian corpuscles were discrete, large and numerous Moderate thick- 
ening and hyahnization of the arterioles and of the mtima of larger arteries were noted 

Liver In the central zones of lobules, especially in the subcapsular region, the sinusoids 
were markedly engorged, with destruction of intervening liver cord cells The strands of 
endothelial cells remained, but there was no definite increase in connective tissue The 
peripheral portions of the lobules were well preserved 

Thyroid The acini were small, and only a few of them contained colloid For the 
most part the lumens were filled with desquamated epithelium Numerous Hurthle cells were 



Fig 8 (case 1) — Thickening of the alveolar septums in the lung Hematoxyhn-eosin stain; 
X 300 

present There was considerable increase in the interstitial connective tissue Throughout 
the sections marked lymphocytic infiltration was present, and lymphoid follicles were observed 
in many areas 

Aorta There vas no atheroma The elastic tissue was normal m amount and in dis- 
tribution Slight myxomatous degeneration of the media was noted 

Voluntary Muscles Sections from the upper intercostal muscles and the crura of the 
diaphragm showed conspicuous alterations Normal muscle fasciculi alternated with fasciculi 
in which the mdn idual muscle fibers were small and shrunken In these abnormal fibers 
the nuclei were closer together than usual , the striations were well preserved m most 
instances There was an increase in the connective tissue among the fibers, although the 
connective tissue between fasciculi was normal in amount In most of the tissue inflam- 
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acsHci , 

«a-°« 


£ £ E to 
ooo S 

anno 


o 

>4 e c r< 

3~j= c 

-Es 3 

S 3.3 cl 
o5 °d 
£-t<!CDO 




00 
r— < 


CO 
r— ( 


CO ^ 

i 7 



+ 


1 


E S E to 

E 

E E E to 

E 

E E £ to 

bfl bfl 

fee 

Odd E 

CD 

CD CD CD E 

CD 

CD CD CD E 

££ 

s 

cooo 

r—< 

OOOlO 


rH CO CO CO 

r> oo 
coS 


1*5 C*' C* 00 

CO 

0- CO -1- o 

TM 

fr* 

N't NH 

T—4 

r-4 

ci 

G 

G 

G 

G 

G 



s 

o 

*s 

s 

5 

— 

r— 

o 

o 

O 

o 

o 

o 

Vi 

O 

v> 

£EE£ 

Vt 

a 

b C G s 
P. ~~ P 

*-i 

a 

p.2 S £ 

££ 

-V 

— E 3 = 


£ G 3 

r-«i 

- S 3 s 

a w 

a 

« 3 4= 3 
05 0'S 

CS 

•p 

o 

5 P.O a 

o£ 0-3 

cS 

-V» 

O 

® S3 3 
o5 03 

So 

csjg 

O 

JS 

&h<CDO 

Eh 

£i<iJCDO 

P 

P^CDO 

OO 

a 


"3 3 
o c, - 
611 -c 
Ih x-i — 

“ °<g a 


v; at; . *r , n 
qj c >> 5“ ^ 
4j,StjS3 

jj-w c 
oOOOt-. 

S c c cn-w 
fi C a) cn 




^ S 

0-0 g 

O O O 

PPG 


timopa 

snoauBjnaqnS 


+ + 


s3ana 


3H J° UK ui 
‘aqojsBia/aqojsAS 
‘arnssaici 
IBuajiy itmsfl 


a to *2 

8-§ I 

pq S o 


spunos 
pnoaag aijiov 
pan ifiBaouqna 


aopcg 


mrcunit 


< < 

A A 

e» ei 

Pl Pi 


-3 

o £ 

I51S o 

o « SS, 

rtddS 


jz <3 o X3 3 O 

° “gt; 

3 B>, “ O >, 

02 cJ m CO cl to 


JUaUI 

L aSjB[aa oBipjBO 

stuojdaitCg 

IBtqjsajnioijsBQ 

Btnapa 

qsnoo 

- 

mud oiDBioq^ 

Bauaoqjjo 

Bandsia 
noijBjaamSta; 
sijuqjjv 
auioipnig s.pnBmlBH: 

ssanpi jo asjnoo 
smojatu^s 

iCiojBjidsaioipjBQ 
jo jasno 5B a3y 

Btujopojapig 
jo jasno ;b a3y 

xag 

OK83BO 


+ 

+ 

+ 

+ 

+ 

4* 

4 

+ 

4- 

+ 

+ 

+ 

o 

o 

O 

o 

o 

4- 

+ 

+ 

+ 

+ 

+ 

4" 

+ 

+ 

+ 

+ 

+ 

o 

4* 

+ 

o 

o 

o 

o 

o 

+ 

o 

o 

+ 

+ 

o 

+ 

o 

+ 

+ 

+ 

+ 

+ 

4- 

o 

+ 

o 

+ 

+ 

+ 

+ 

+ 

+ 

"r 

+ 

4- 

+ 

+ 

+ 


+ 


4* 

+ 

4- 

+ 

+ 

+ 

4* 

+ 

o 

4- 

+ 

4- 

+ 

+ 

+ 

o 

+ 

+ 

o 

+ 

+ 

Died at 

27 

Died at 

55 

Living 
at 55 

Died at 
40 

Living 
at 5i 

Died at 

17 

-v» 

es 

F— C^ 

5° 

P 

Died at 
29 

Living 
at 35 

CO 

Cl 

»o 

00 

***« 

-14 

O 

CO 

l ^ 

o 

CD 

Cl 

O 

CO 

Cv 

Ci 

to 
• Q 

o 

Cl 

CO 

-r 

f~4 

O 

Ci 

CO 

o 

C/ 

CD 



Ph 

V— 1 

1*5 

P 

^4 

rz 

P-4 

&4 

»— 4 

Cl 

CO 

-n 

1 

CO 


CO 

CD 


761 



760 


ARCHIVES OF INTERNAL MEDICINE 


and slight tenderness of both knee joints The laboratory data were not remarkable Roent- 
gen examination showed evidence of cardiac enlargement and early hypertrophic arthritis 
of the knee joints While the patient was in the hospital hei temperature remained 
elevated and she had mild leukocytosis Signs of a small pleural effusion appeared on the 
right side, and on thoracentesis clear, yellow fluid with a specific gravity of 1 015 was 
obtained This fluid contained 3,300 white cells (54 per cent polymorphonuclear leukocytes 
and 46 per cent lymphocytes), and the protein content was 3 3 Gm per hundred cubic centi- 
meters The patient was digitalized and was discharged after six weeks’ hospitalization 
On discharge she still had a few lales at the base of the right lung and a slight fever 
After leaving the hospital she remained in bed most of the time, feeling weak and dys- 
pneic The pains in the joints lemamed minimal Coldness, pain and stiffness of the hands, 
particularly on exposure to the cold, appeared about Februarv 1938 In May coldness and 
blueness of the toes were noted, associated with pain m the shoulders and knees There 
were also slight edema of the ankles and a chronic nonproductive cough at this time During 
the next month occasional bouts of vomiting, orthopnea and mild shooting pains across the 
chest appeared, and she was leadmitted to the hospital in June 

Physical examination at this time revealed a brownish tinge to the skin, paiticularly 
around the neck Over the hands and forearms the skin was thickened and tightly bound 
down to the underlying structuies There were similai, but less pronounced, changes in the 
feet The fingers and toes were cvanotic and cool Examination of the retinas revealed 
nothing remarkable except for a small whitish area just above the optic disk on the right 
side There was slight dulness at the base of the left lung posteriori} and moist rales at 
the bases of both lungs The heait was enlarged to the left There was a soft, blowing 
systolic murmur at the apex and a protodiastolic gallop sound Along tiie left sternal border, 
best heard in the third interspace, there was a to-and-fro sound, interpreted as a friction 
rub The rhythm was regulai, and the arterial tension was 160 systolic and 110 diastolic 
The edge of the liver was felt about 3 cm below the costal margin There was slight edema 
of the ankles 

Repeated urinalyses showed the specific gravity to be as high as 1 032 Most specimens 
of urine contained considerable albumin, a varying number of white cells and occasional 
hyaline and granular casts The red cell count and hemoglobin level were normal, and the 
white cell count was 23,000 on admission The results of other laboratory procedures are 
recorded in the table The vital capacity was 700 cc Roentgen examination of the dies*' 
revealed the heart to be sjmmetricallv enlarged and the pulmonarj fields clear Later 
roentgenograms showed congestive changes in the lungs Electrocardiograms showed changes 
indicative of partial heart block and low electromotive force The patient continued to have 
mild elevation of temperature Her symptoms persisted and she grew gradually worse and 
died in June, 1938 

Anatomic Diagnoses — The anatomic diagnoses included scleroderma, mvocardial fibrosis, 
pulmonary fibrosis, bilateral focal bronchopneumonia, chronic passive congestion of visceia, 
bilateral hydrothorax and multiple venous thromboses 

Autopsy — The body was that of a w r ell developed and well nourished woman There was 
slight edema of the ankles and the face Over the fingers the skin was sti etched tightly, and 
the subcutaneous tissues of the region showed slight atrophy 

The peritoneal cavitv contained 800 cc of slightly cloudy, amber fluid The peritoneal 
surfaces were smooth and glistening 

The right pleural cavity was largely obliterated by dense fibrous adhesions with clear, 
amber fluid in the spaces formed by the adhesions There were similar fibrous adhesions 
over the upper lobe of the left lung Eight hundred cubic centimeters of slightly cloudy, amber 
fluid was present in the lower portion of the left pleuial cavity 

The pericardial cavity contained 100 cc of slightly amber fluid The sui faces were smooth 
and glistening 

The heart weighed 500 Gm Theie was a moderate amount of subepicardial fat The left 
ventricular myocardium measured 1 4 cm in thickness , the right ventricular myocardium, 

0 3 cm The myocardium was soft in textuie and light red in color, speckled with gray 
translucent areas less than 0 3 cm in diametei The endocardium, including the valves, was 
smooth Just above the cusps of the aortic valve were several small calcified plaques There 
was no narrowing of the orifices of the coronary arteries, and the lumens were normal in 
color, although scattered atheiomatous plaques were present in their walls 

The right lung weighed 670 Gm , the left one, 380 Gm There vveie patches of broncho- 
pneumonia throughout both lungs, most extensive m the middle and the lovvei lobe of the 
right lung No areas of fibrosis were apparent on gross examination 

The spleen weighed 310 Gm Externally, the organ was firm, smooth and gravisli purple 
The cut surface was dark purple , the pulp scraped away with difficult! 
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The thyioid appeared normal on gioss examination 

There were multiple venous thromboses The subclavian, external jugular, internal jugular, 
innominate and brachial veins of the right side were filled with soft, unorganized thrombi 
The right carotid sheath was thickened and adherent to the structures contained within it 



Fig 11 (case 2) — A myocardial lesion composed of highly rascular collagenous tissue A 
few' fat cells and muscle fibers persist within the lesion The resemblance to the lesions m 
case 1 is striking (figs 5, 6 and 7) Phloxine-methylene blue stam , X 309 


particularly the internal jugular vein The left subclarian rein contained a friable thrombus, 
as did the right greater saphenous vein There were organized thrombi m the left femoral 
and external iliac veins 
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The liver weighed 1,520 Gm The external surface was dark reddish brown Surfaces 
made by cutting showed prominent dark red areas at the centers of the lobules contrasting 
with light gray or yellow portal areas 



Fig 10 (case 2) — A survey photomicrograph to show the extent and distribution of the 
myocardial lesions Phloxine-methylene blue stain, X 11 

There was a healed stellate laceration of the cervix uteii 

A few scattered patches of atheroma were present in the aorta and slightly more extensive 
m the abdominal region 
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fibers within the areas of fibrosis were atrophic, but moie often they were morphologically 
normal Giant cells were not seen The musculature between the lesions was well preservd 
The lesions were of different sizes and theiefore were presumed to be of different ages The 
smallest lesions consisted of an increase of fibrous tissue among morphologically normal myo- 
cardial fibers (fig 12) From the study of lesions of various sizes, it was judged that the 
sequence involved in the development of the lesions was a progressive increase in highly 
vascularized connective tissue with concomitant disappearance of myocardial fibeis There 
was no evidence of a primary degeneration of muscle with repair 

This interpretation of sequences was strengthened by the behavior of fat cells within 
certain of the lesions Most of the areas of involvement were devoid of fat, but some of them 
contained a few adult fat cells, usually in groups (fig 11) In some places in which the 
myocardium was less involved small groups of fat cells were found in the septums between 
the muscle bundles That is, there was a mild degree of fat infiltration of the myocardium 
Within some of the groups of fat cells the delicate, cellular fibrous tissue made its appearance 
in the same manner as m the smallest lesions among the muscle fibers All stages could be 
found between such early lesions in the interfascicular fat and the large areas of fibrosis con- 
taining a few fat cells 

The fibrosis extended into the subepicardial fat in areas continuous with regions of fibrosis 
in the underlying muscle (fig 13) There were no lesions confined wholly to the epicardium 
The connective tissue just beneath the mesothelial surface was normal in amount Slight 
intimal thickening of the coronary arteries was included m the histologic sections, but no 
narrowing of the lumen, atheromatous deposits or thrombi were seen 

The endocardium was normal in thickness At several points the subepicardial connective 
tissue blended with that of the areas of fibrosis in the underlying myocardium 

Lungs The pleura was moderately thickened, and its blood vessels were congested There 
was acute bronchopneumonia In addition, changes antecedent to the bronchopneumonia were 
present in focal areas These regions were characterized by patches in which the alveolar 
walls were thickened because of an increase in coarse collagenous connective tissue Stages 
could be traced from small focal thickenings of the alveolar basement membrane to connective 
tissue overgrowth so great as to reduce the alveolar lumens almost to obliteration Lumens 
in regions of most marked fibrosis showed conspicuous cuboidal alveolar epithelium and were 
filled with phagocytic cells containing brown, granular pigment The increase in connective 
tissue was accompanied by infiltration with numerous lymphocytes, moderate numbers of 
mononuclear cells and rare plasma cells Infiltrating cells of similar character were present 
about the bronchi and some of the blood vessels in the relatively normal portions of the lung, 
as well as m the areas of fibrosis The peribronchial and the perivascular connective tissue 
was increased m amount and highly vascular Throughout the lungs, the arteries presented 
striking thickening of their walls, with diminution in caliber of their lumens The increase 
m width of the wall was due to a concentric fibrous tissue thickening of the ultima with 
fibrosis This change involved arteries of all sizes, from the largest vessels to the small 
arterioles There was no diminution in caliber of the veins, and their walls were well preserved 
with the exception of the increase in connective tissue about them, as previously described 
Spleen There was marked chronic passive congestion Moderate arteriolar sclerosis was 
present, though the walls of the larger arteries were essentially normal 

Pancreas Moderate fatty infiltration was present, but the connective tissue was not 
definitely increased The arterioles showed slight sclerosis 

Liver There was marked chronic passive congestion, the connective tissue of the lobules 
and the periportal areas was normal in amount and in character 

Kidney Some of the medium-sized arteries showed intimal thickening with atrophy of 
renal parenchyma and increase in connective tissue in the corresponding regions There were 
no alteiations in connective tissue which could not be accounted for as consequences of the 
vascular lesions The arterioles were sclerosed in occasional instances Moderate chronic 
passive congestion was also present 

Thyroid The connective tissue was considerably increased rather uniformly throughout 
the section Foci of lymphocytes were found in the connective tissue, but there were no 
germinal centeis The thyroid follicles were small and the amount of colloid reduced There 
u'as no desquamation of the epithelium, the acini being lined by an intact, uniform lajer of 
cuboidal cells 

Skm Sections were taken from the abdomen and the forearm There was a marked 
overgrowth of dense collagenous connective tissue of the cutis and the subcutis This o\er- 
growth of connective tissue extended into the subcutaneous fat along the septums between fat 
lobules The elastic tissue w'as relatively decreased m amount, fragmented and degenerated 
'n places A few' foci of lymphocytes and mononuclear cells were present in the lower cutis 
Blood vessels were few' and rather small in caliber The epidermis was somewhat atrophic 
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The gastrointestinal tract, pancreas, gallbladder, bile ducts, kidneys, adrenals, urinary 
bladder, fundus uteri, ovaries, parathyroids, larynx, brain and middle ears were normal 
Mta oscopic Examination— Heart The most conspicuous lesions were uregular aieas of 

connective tissue proliferation in the myocardium These were distributed irregularly through 
the musculature, being encountered from endocardium to epicardium, they extended into 
papillary muscles (fig 10) The lesions at times bore no relation to medium-siml or large 
aiteries but at others included such vessels within the fibrous tissue The artencs showed 
none or at most only slight intimal or medial thickening None was occluded, and the lumens 
did not appear narrowed The centers of the lesions were composed of collagenous con. ectne 



Fig 12 (case 2) — The small myocardial lesion is composed of cellular collagenous tissue 
among somewhat atrophic muscle fibers Phloxine-metliylene blue stam, X 300 
\ 

tissue, delicate m texture The collagen fibers were thin and somewhat separated from one 
another In proportion to the number of fibers, the fibroblasts were numerous (fig 11), but 
lymphocytes and mononuclear cells were encountered rarely and m only a few foci The 
appearance of cellularity in the areas of fibrosis seen under low magnification was due to the 
number of connectne tissue cells rather than to inflammatory cell infiltration No hemosiderin 
deposits were observed In all areas of connective tissue proliferation, there were many tlun- 
walled capillaries, which were distended with blood (fig 11) 

The lesions were not sharply delimited At their centers muscle fibers were usually absent, 
though occasional ones were encountered from place to place , at the periphery the connectn e 
tissue gradually became less and the muscle fibers more numerous At times, the muscle 









Fig 15 (case 3) —A roentgenogram of the chest There is marked cardiac enlargement 
The bases of the lungs are mottled 
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and showed slight hypei keratosis, though the lete pegs were piescued The appendages of 
the skin weie essentially normal 

The skin of the forearm was similarly altered but to a lessei degiee The changes were 
interpreted as those of scleiodeima 



Fig 13 (case 2) — A lesion in the supeificial portion of the myocardium extending into the 
subepicardial fat Phloxine-methylene blue stain, X 300 

Pituitary There was extensive invasion of the posterior lobe of the pituitary by baso- 
philic cells The gland was otherwise free from change 

Miscellaneous The adrenals, fundus uteri, ovaries, parathyroids, lymph nodes, vertebral 
marrow, sternal marrow, peripheral nerves and brain were essentially normal 
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of fair quality, and there were no murmurs The pulmonic second sound was accentuated dhe 
blood pressure varied between ISO systolic and 80 diastolic and 180 systolic and 90 diastolic The 
lungs were clear except for a few inspiratoiy rales at both bases The laboratory data were 
not remarkable except for a total serum protein of 8 1 Gm per hundred cubic centimeters 
Electrocardiograms showed changes indicative of intraventricular block (fig 14) and later of 
left bundle branch block 

Roentgen examination showed marked cardiac enlargement with the left bolder of the heart 
reaching the axilla (fig 15) The heart was triangular in appearance There was a beat of 
small amplitude on all borders No auricular enlargement was seen There was a coarse 
mottling at the bases of both lungs, without any other pulmonarj' abnormalities Examination 
of the esophagus showed a smooth constriction about 4 cm above the diaphragm and about 



Fig 17 (case 4) —A roentgenogram of the chest The heart is enlarged to both right and 

left with hyperti ophy of the right ventricle and a poor, barel} "visible beat There is a 

diffuse mottling in the middle and the lower third of the lungs 

4 mm in diameter (fig 16) It did not relax after the inhalation of amjl nitrite The stomach, 

duodenum and colon appeared normal on loentgen examination Esopliagoscopy confirmed the 
roentgen finding, and biopsy failed to reveal any abnormalities The esophagus was dilated 
several times, and the patient’s ability to sw allow' food was improv ed When last seen in 
April 1942, she was able to eat a noimal diet without an\ difficult} 

Case 4— C P, an unemployed man aged 56, was admitted to Peter Bent Brigham Hos- 
pital in 1939 

In 1915 he had worked m an “iron mine” for six months In 1937 he was admitted to 
Boston City Hospital because of pains m the w-rists, shoulders hips, knees and ankles At 
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Case 3 — F W , a Russian housewife aged 54, entered Peter Bent Brigham Hospital m 
1941 because of difficulty m swallowing of several years’ duration 

In 1916 she was first seen in the outpatient clinic of this hospital because of swelling of 
the hands associated with cyanosis and coldness of the hands and feet when exposed to cold 
This process became worse, and soon the changes of scleroderma appeared m her face, arms 
and legs About 1930 she began to have dyspnea on exertion and m 1934 began to have 
intermittent palpitation and edema of the ankles There had been occasional bouts of marked 
difficulty m breathing and slight orthopnea for several years There was no precordial pain 



Fig 16 (case 3) — A roentgenogram of the esophagus filled with barium sulfate There is a 
smooth constriction about 4 cm above the diaphragm The roentgenogram was reversed in 
reproduction 

In 1938 a new symptom appeared She noticed difficulty in swallowing and a sensation of 
food sticking in her chest There was frequent regurgitation This became slowly worse, 
at times interfering with swallowing liquids Because of this the patient was admitted to 
the hospital 

Physical examination on admission revealed marked sclerodermatous changes of the skm 
of the face, arms and legs The hands were clawlike, and there were trophic lesions on the 
finger tins The heart was markedly enlarged to the right and left The cardiac sounds were 



1VEJSS ET AL— SCLERODERMA HEART DISEASE 


77 1 


She was discharged from the hospital and was followed up by her local physician, who 
stated that in April 1937 symptoms of cardiac failure developed and death occurred a few 
days later 

Case 7 — L C, a man aged 63, was admitted to Boston City Hospital m 1939 because of 
liiabihtj'' to speak and weakness of the left side of the body 

In 1937 he first began to have pains m his legs, particularly about the knee joints, and 
about eight months before admission he first noted cutaneous changes of a sclerodei matous 
nature on lus legs Although he had been slightly short of breath for years, he became much 
more so five weeks before entry, and one week before admission he awoke with weakness of 
the left side of his body and inability to speak Physical examination showed evidences of a 
left hemiplegia and tight shiny skin of a sclerodermatous nature about the knees and elbows 
in particular, with a blotchy brown pigmentation The heart v'as enlarged , the rhythm w'as 
regular, and there was a slight apical systolic murmur The arterial' pressure v'as 110 systolic 
and 70 diastolic There were coarse rales at the bases of both lungs An electrocai diogram 
showed left axis deviation No roentgen examination of the chest w'as done The patient 
gradually became weaker and died after one month’s hospitalization Permission for post- 
mortem examination u r as not obtained 

Case 8 — M F, a woman aged 28, was admitted to Peter Bent Brigham Hospital in 1936 

About three years previously, six months after childbirth, she began to experience cold- 
ness and pallor of her hands on exposuie to the cold Later the hands became purple and 
painful under similar conditions In 1934 her hands became swollen, the movement limited 
and the skin shiny There w'ere no cardiac or gastrointestinal symptoms Physical examina- 
tion on admission to the hospital showed sclerodermatous changes of the skin of the entire 
body wuth deep brown pigmentation The heart w'as not enlarged , the cardiac sounds wei e 
normal, and the rhythm was regular No murmurs w'ere heard The arterial pressure was 
120 systolic and 70 diastolic There u'ere fine rales at the bases of both lungs, but no other 
pulmonary abnormalities The laboratory data w'ere not remarkable About one year after 
discharge she w'as seen by her local physician because of almost constant dyspnea, edema ot 
the ankles and occasional pains in the chest on the left side The results of physical examina- 
tion at this time w'ere unchanged except that the heart v'as enlarged She died at home in 
January 1937 

Case 9 — M L, a woman aged 25, w'as admitted to Peter Bent Brigham Hospital for the 
first time in 1932 

In 1926, soon after the birth of hei first child, she noted blanching of her fingers when 
exposed to cold This v'as often accompanied by an aching pain, and soon after this the 
skm gradually became tight, shiny and deeply pigmented In 1933 roentgen examination of 
the chest failed to reveal any abnormalities During the following yeais bilateral cervical 
sympathectomies and thyroidectomy w'ere performed m an attempt to alleviate hei condition 
In 1937 she began to have difficulty in eating, because food seemed to catch substernally She 
also began to tire more easily and gradually became somewhat dyspneic on exertion When 
last seen, m March 1942, her difficulty in eating had increased slightly, but there had been no 
recent change in her other symptoms Physical examination at that time showed diffuse 
involvement of the skin with deep pigmentation Her heart w'as slightly enlarged, the cardiac 
sounds were of good quality, and there w'ere no murmurs The arterial pressure w'as 110 
systolic and 70 diastolic Roentgen examination of the chest revealed a marked increase m 
the size of the heart compared with its size at the original examination in 1931 The heart 
had assumed a triangular appearance, and a moderately good beat was present on all borders 
There was a diffuse increase in the pulmonary markings The esophagus showed a narrow con- 
striction over a distance of several centimeters m the lower third of the esophagus An elec- 
trocardiogram showed only low' electromotive force Her vital capacity w T as 1,200 cc and 
the basal metabolic rate was —22 per cent The cholesterol level of the blood was 214 mg 
per hundred cubic centimeters The results of other laboratory procedures were within 
normal limits 

The changes in the size of the heart are difficult to e\aluate m this case because of the 
total thyroidectomy 

COMMENT 

In all the cases tepoited heie the patients showed the classic picture of 
scleroderma together with signs and s>inptoms suggesting heart failure The 
data are summanzed in the table In 7 of the 9 cases the patients were women 
Then ages at the onset of the cutaneous changes ranged from 19 to 62 >ears, the 
average being 38 jeais In 3 cases the appearance of cardiac s)mptoms preceded 
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that time he had a cough productive of yellowish, odorless sputum and had lost about 20 
pounds in weight Physical examination on admission revealed no abnormalities except stiff, 
slightly swollen and red joints A roentgen examination of the chest showed diffuse mottling 
of the bases of both lungs and enlargement of the heart to the left with enlargement of the 
supracardiac area Electrocardiograms showed evidence of partial heart block with a PR 
interval of twenty-six hundredths of a second A diagnosis of cardiac decompensation of 
undetermined origin was made Shortness of breath became the most prominent sy mptom, and 
in February 1938 he entered another hospital, where examination Yielded similar results After 
his discharge from that institution Ins symptoms continued to increase, and in August 1938 he 
came to the outpatient clinic of Peter Bent Brigham Hospital Examination at this time 
showed smooth and thickened skin over the fingers A roentgen examination of the chest 
showed the heart to be enlarged to both the right and the left with hypertrophy or dilatation 
of the right \entnde and a poor, barely visible beat (fig 17) 1 here w»as a diffuse mottling 

of both lungs, particularly the middle and the lower thirds, with the apexes fairh clear The 
hilar glands appeared enlarged Because of progressive dyspnea, cough and edema of the 
ankles he was admitted to the hospital in March 1939 Physical examination at that time 
showed sclerodermatous changes of the extremities with clubbing of the fingers The heart 
was enlarged the sounds w’ere distant and there were a presystohe galloji and an accentuated 
pulmonic second sound There were no murmurs The arterial pressure was 140 sistolic and 
90 diastolic There were moist rales at the bases of both lungs The li\cr was just palpable 
There w'as moderate edema of the legs The laboratory' data were normal Biopsy of the 
skm show'ed changes consistent with scleroderma Roentgen examination of the chest did 
not reveal any new abnormalities After discharge from the hospital he returned periodically to 
the outpatient clinic His scleroderma became more pronounced In October 1939 roentgen 
examination of the heart showed considerable enlargement with a triangular shape and prominence 
of the pulmonary conus He died at home on No\ ember 30 

Case 5 — D K, a woman aged 52, was admitted to Peter Bent Brigham Hospital m 1940 

In 1927 she w'as seen by a physician because of weakness, dyspnea and edema of the ankles 
She had vague pains in the joints at that time, and in 1929 she noted for the first time that 
her hands turned blue, felt cold and ached on exposure to the cold Soon after that she began 
to have tightness of the skm and limitation of motion of the hands In 1939 she suffered 
from a sharp stabbing pain in the upper portion of the chest, on the left side, w'hicli recurred 
a few months later Soon after the pain occurred, weakness, dyspnea and edema of the 
ankles developed Because of these symptoms she was admitted to Peter Bent Brigham Hos- 
pital On physical examination on admission, she was orthopneic and the skm o\er the face, 
hands and feet w'as tight and inelastic The heart was enlarged with a loud high pitched 
systolic murmur at the apex The pulmonic second sound w'as accentuated The rhythm was 
absolutely irregular Arterial pressure was 130 systolic and 90 diastolic There was dulncss 
at the bases of both lungs wnth diminished breath sounds and many moist rales The liver 
was palpable just below' the costal margin Moderate edema of the ankles was present 
Laboratory data w'ere not remarkable The vital capacity on admission was 800 cc , increasing 
to 1,250 cc at the time of discharge Thoracentesis yielded fluid w'hich contained 900 white 
cells, 50 red cells and 49 Gm of protein per hundred cubic centimeters and had a specific 
gravity of 1 018 An electrocardiogram show'ed auricular fibrillation, premature ventricular 
beats and left bundle branch block Roentgen examination of the chest showed marked cardiac 
enlargement, both to the right and to the left, and the heart appeared triangulai There was 
an irregular beat of fair quality No intracardiac calcification was seen The lungs appeared 
congested, and there was fluid at both bases The patient showed improvement during her 
stay in the hospital In April 1942 she was reported to have continued evidence of myocardial 
failure, but no new symptoms had developed 

Case 6 — R G, a woman aged 46, was admitted to Peter Bent Brigham Hospital in 1936 

Seven y'ears before she noted for the first time blanching of her fingers on exposure to 
cold, and one year later sclerodermatous changes appeared In 1935 a cervicothoracic 
sympathectomy w r as performed, with only questionable improvement For one year prior to 
admission she experienced palpitation and tired readily on exertion She had occasional bouts 
of a “heavy” feeling m the precordial region Physical examination on admission to the 
hospital showed sclerodermatous involvement of the arms and legs wnth deep pigmentation 
The retinal vessels were normal The heart w’as not enlarged, and the sounds w'ere normal 
without murmurs The rhythm was regular except for occasional extrasystoles Arterial 
pressure w'as 120 sy'stolic and 76 diastolic Electrocardiograms showed left axis deviation and 
premature ventricular beats Biopsy of the skin showed changes consistent with scleroderma 
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dll of the loentgenogiams theie was an increase in the pulmonaiy mai kings, this 
usually being most maiked m the lower lobes In seveial cases the lungs showed 
a peculiai diffuse granulai or mottled appearance, paiticularly at the bases, extend- 
ing well out to the penpheiy but spanng the apexes At times the changes sug- 
gested to the loentgenologist the appeal ance of bronchiectasis or lipoid pneumonia 
In instances of heait failuie hilar congestion was usually noted 

The electrocaidiogiams m each of the 8 cases m which they weie obtained 
showed some abnoimality In 1 instance theie was auncular fibi illation, and m 
3 theie were piematuie ventricular beats In 3 there was abnoimally low electio- 
motive foice In 2 there was paitial heait block, in another, fiist mtiaventncular 
block and later bundle blanch block, and m a fourth instance theie was left 
bundle branch block In 2 instances theie was left axis deviation, while m the 
otheis the electncal axis was within noimal limits 

Gastrointestinal sjmptoms were common, appealing in 4 of the cases leported 
here In case 3 there had been piogressive difficulty with the passage of food 
thiough the esophagus Roentgen examination revealed a sti iking constnction 
of the esophagus about 4 cm above the diaphragm The constnction did not 
relax after the inhalation of amyl nitrite Esophagoscopy showed a stnctuie, 
without any evidence of mucosal abnoimality Biopsy failed to leveal any abnor- 
mality Esophageal dilatation produced complete lehef In another case (9) 
the patient also had difficulty m swallowing, though it was less seveie, and a 
roentgen examination showed a smooth consti iction m the lower end of the 
esophagus The patient in case 1 had symptoms of esophageal dysphagia, seveie 
enough to suggest the diagnosis of carcinoma of the esophagus on admission to 
the hospital Howevei, roentgen examination was not done before hei death 
Postmoitem examination failed to reveal any abnormality in the esophagus 

The case histones of 36 additional patients with scleroderma, who weie studied 
at Massachusetts General Hospital, were reviewed Six of these patients had 
symptoms referable to the upper portion of the gastrointestinal tract Roentgen 
examination showed constriction of the lower part of the esophagus with dilata- 
tion above m 5 of them In the sixth there was a diffuse dilatation of the esopha- 
gus, stomach and small intestine 

The laboratory data m the cases reported in this paper were not helpful The red 
cell count, the white cell count and the hemoglobin level were essentially noimal m 
all cases Urinalysis levealed varying amounts of albumin m most instances, as 
well as red cells, white cells and granular and hyaline casts on several occasions. 
The total serum protein levels varied from 5 6 to 8 1 Gm per hundi ed cubic centi- 
meters in the 6 cases in which they weie detei mined The albumin vaiied from 
3 0 to 4 3 Gm and the globulin from 2 6 to 4 5 Gm per hundred cubic centi- 
meters In 2 instances in which the piotein content of pleural and of pencardial 
fluid was noted, it was unusually high for a simple transudate 0 Blood levels of 
calcium and phosphorus were normal in the 5 cases m which they weie detei - 
mined, as was the blood level of cholesterol In those cases m which the vital 
capacity was determined, it was found to be maikedly diminished The basal 
metabolic late was within normal limits, except for a level of 22 pei cent in 1 
case (9) in which the patient had had a total thyroidectomy in an attempt to 
relieve hei cutaneous condition 

The pathologic aspects of sclerodermatous imolvement of the skin ha\e been 
extensively studied, and observations on the skin m these cases ser\e onl\ to con- 

6 Paddock, F IC , The Diagnostic Significance of Serous Duids in Disease Xcu England 
J Aled 223 1010 (Dec 19) 1940 
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changes m the skin lw as much as two yeai s Though thei e wei e s) mptoms of Ray- 
naud’s disease m 8 of the 9 cases, the degiee of blanching and pain in the extiem- 
ities on exposure to cold could not be coil elated with the piogiession of the 
visceral manifestations of the disease In all cases the patients complained of 
symptoms leferable to the joints, usually mild, though in some cases severe pains 
m the joints with redness and tenderness suggested the diagnosis of rheumatoid 
aithritis In all cases theie was abnormal pigmentation, often associated with 
areas of loss of pigment In geneial, both the piogiess of the cutaneous disease 
and its lelation to vasomotoi, joint and cardiac sjmjitoms were extreme!) 
variable 

The evaluation of caidiac symptoms in sclerodeima is difficult because the 
cardiac manifestations are frequently associated with jiulmonary lesions and with 
involvement of the thoiacic wall itself In all of the cases repoited lieie the 
patients complained of dyspnea on exeition, some even befoie the onset of the 
cutaneous changes, otheis not until the later stages of the disease Orthopnea 
was definitely pi esent in 5 cases, and there w as a history suggestive of it in se\ eral 
otheis There was paioxjsmal nocturnal dyspnea in 2 cases Cough, at times 
pioductive of whitish mucoid sputum, was a rathei pionunent sjmptom In none 
of the 9 cases was theie gioss hemojitysis, but in 1 case not included in the 
present series the patient had massive hemoptysis, the cause of which was 
never detei mined Pam m the chest occurred in 4 of the 9 cases Its charactei 
varied considerably, but usually it was precordial rathei than substernal and was 
not related to exertion Edema of the ankles was pi esent m all cases, and in 
some the edema was geneial Early in the disease the edema may be associated 
with redness and heat, but in the later stages theie w r as no clinical evidence of 
inflammatory leaction In the 6 cases with a fatal termination, the symptoms of 
generalized congestion w'ere pi esent at the time of death In all cases there was 
some evidence of cardiac enlargement on clinical examination The cardiac 
sounds were either of normal or of less than normal intensity The rhythm w r as 
legulai m 6 cases, in 1 theie was auricular fibrillation, and in 2 there w r eie extra- 
systoles In 1 case (2) a definite pericaidial friction iub wns heard In 1 case 
there was a loud apical systolic murmur, and m 4 otheis a slight apical systolic 
murmur was audible, but in no instance w'as there a diastolic murmur In 4 of 
the 6 cases m which it was specifically noted, the pulmonic second sound w r as 
accentuated and was loudei than the aortic second sound In 3 cases a prominent 
diastolic gallop sound was noted, in 2 it w'as protodiastolic in time, and m the 
thud it was presystolic The arterial blood piessure w r as model ately elevated m 
several cases Even m the absence of cardiac failure, basal rales W'ere often heaul 
m the lungs Hydrothorax and enlargement of the liver w'ere fiequent findings 
when the heart failed In 1 case the spleen w'as slightly enlarged Generalized 
lymphadenopathy w'as not noted m any case 

In the 6 cases in wdnch roentgen examination of the chest was done, strikingly 
similar changes were encountered In all theie w'as caidiac enlargement, vaiying 
from a moderate to a maiked degree The heait was triangular m shape, and m 
most cases the beat was of poor amplitude In 1 instance the supracaidiac aiea 
appeared to be widened, and m another theie w r as a prominent pulmonaiy conus 
The roentgen findings did not suggest hypertensive or valvulai heart disease 
Theie w T as no detectable calcification in the valves The left ventricle w'as not 
pi edonunantly enlarged, and the left auricle was not unduly prominent The 
combination of the triangular shape and the w'eak beat suggested to the roentgen- 
ologist the diagnosis of myxedema heart disease or of pericardial effusion In 
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of both disordeis 11 Heie m a patient with typical scleroderma a few lesions 
were encountered which were suggestive hut not chaiacteristic of deimatomvositis 

The changes in the livei and the spleen were those of long-standing chronic 
passive congestion 

There were extensive alteiations in the thyioid in case 1 and less striking 
ones m case 2 These consisted of atiophy of acinar epithelium with desquamation 
and colloid depletion together with increase m fihious tissue These lesions 
were diffuse, not focal They are not a specific pait of scleiodeima but are encoun- 
tered m diseases of many types No such changes were found in the thyioid in 
case 9, m which the gland had been removed suigically while the patient was 
still in good condition Although atrophy of the th}roid with colloid depletion 
and epithelial desquamation is more frequently encountered in children, it occuis 
occasionally in adults These lesions have been considered in relation to lipoid 
nephrosis by Wolbach and Blackfan 12 

Our attention in this study has been focused especially on the changes in the 
heait and the physiologic alteiations lesulting from them The lesions m the 
heart consist of scars of unusual type These involve the myocardium, extending 
to the epicardium and endocardium only secondanly and then to a slight degiee 
There aie certain resemblances between these lesions and those due to vascular 
changes There are a numbei of ways, howevei, m which the lesions encountered 
post mortem in the heaits of the 2 patients with scleroderma differ from those 
caused by vasculai disease The lesions m the myocaidium in the patients with 
sclerodeima were not m any particular i elation to aiteries, these stiuctures being 
indifferently included in the scars or not Fuitheimoie, the vessels weie normal 
or showed mmoi mtiinal thickening without thrombosis or significant diminution 
in the caliber of the lumen The hemosiderin deposits often seen in areas of 
myocardial scauing due to vascular lesions weie entirely absent Within the 
scars m the heaits of the 2 patients studied post mortem the myocaidial fibers 
were pieserved in small numbers even in the centers of the lesions (fig 6) This 
was true also of fat cells (figs 7 and 11) and of blood vessels The sequences 
weie intei pi eted as a primary ovei growth of fibrous tissue with secondaiy destruc- 
tion of other myocardial stiuctuies The histologic nature of the lesions is dif- 
ferent from that of the lesions of Fiedlei’s myocarditis, though their distnbution 
is similar 

The connective tissue itself was rather unusual in chaiactei Fibroblasts 
were numerous, impaiting a cellulai appeal ance to the lesions when the) were 
studied with low powei The collagenous fibeis were lather lefiactile but not 
coarse and increased m caliber, as are those of the skin m characteristic scleio- 
dermatous lesions Within the connective tissue mfiltiatmg the myocaidium, 
there weie large numbers of capillaries distended with led cells The lesions, 
then, may he chaiactenzed as focal oveigrowths of cellulai. vascular connectne 
tissue with secondaiy degeneration of normal myocaidial stiuctures m the regions 
involved 

Aie these myocaidial lesions specificall) related to scleiodeima oi are the) 
coincidental ? In othei woids, are we dealing with scleroderma heart disease oi 
with heait disease m patients ■who also had sclerodeima A e feel that the evi- 
dence points tow aid the interpretation that the mvocaidial lesions aie an integral 


11 Banks B M Is Theie a Common Denominator in Scleroderma. Dermatormositis 
Disseminated’ Lupus Erj thematosus, the Libman-Sacks Svndrome and Poh arteritis Nodosa' 

New England J Med 225 433 (Sept IS) 1941 c , c r u i 

12 Wolbach, S B. and Blackfan, K D Clinical and Pathological Studies on So-Called 

Tubular Nephritis (Nephrosis), Am J M Sc 180 4t>3 (Oct ) a0 
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firm the clescuptions m textbooks 7 The histologic sequences of cutaneous sclero- 
derma seem best mtei pi eted as dependent on change in the collagenous con- 
nective tissue The othei changes in the skm may be explained as a conse- 
quence of this alteiation m the connective tissue The collagen fibeis already 
present become thickened, and new ones aie formed In the earlier stages, illus- 
trated m this senes paiticularlv by case 2, the cutis and the subcutis aie edematous 
and are infiltrated with moderate numbeis of lymphocytes and mononuclear cells 
These cells aie m pait scattered thiough the connective tissue and in pait col- 
lected about blood vessels 

As the lesion pi ogresses, the edema and the cellular infiltration disappear and 
the changes in the collagenous tissue dominate the histologic picture The indi- 
vidual fibers are enormously thickened and hence, besides being increased in 
number, occupy more space than the} did originally Secondan to this, the 
epidermal layer undergoes atrophy and the rete pegs become flattened The 
appendages of the skm, while retained, aie rendeiecl less conspicuous because of 
the increase m the connective tissue among them 

The connective tissue overgrowth is confined to the collagenous type The 
elastic tissue fibers, on the other hand, become fragmented and degenerate to a 
variable extent as they are encroached on by the collagenous fibers Some of the 
larger vessels have thickened media The small blood vessels are few and show 
no changes other than diminution of caliber in their capillaiy beds 

Since scleroderma has been especially studied b) dermatologists and since 
material for postmoitem examination is not abundant, the changes m organs other 
than the skm have received less attention than they meiit In this lespect, knowl- 
edge of sclerodeima has developed much as it has m seteral other diseases 
involving the skm, such as lupus erythematosus and saicoid All these diseases, 
however, involve the skm only as a pai t of the clinical and pathologic picture which 
includes many oigans less accessible to study In inspection Fibrosis in the 
lungs, 8 cardiac failure 9 and strictui e of the esophagus 10 have been noted in 
clinical case reports of scleroderma, and pathologic studies have shown that most 
of the organs of the body ma) be involved 4n 

The focal areas of fibrosis in the lungs in cases 1 and 2 reported here may be 
related to the sclerodei matous process It is difficult to uile out foci of cluonic 
bionchopneumonia with organization, especialh m Mew of the extensive lympho- 
cytic infiltration and the penbi onclual fibrosis m regions of normal alveoli How- 
ever, the distribution, corroborated by the results of roentgen examinations, would 
be unusual in chronic bronchopneumonia The striking vascular lesions in the 
lungs m case 2 weie not present in case 1 They have been obseived in mam 
patients without scleroderma For this leason, they hare not been legal ded as 
a pait of sclerodeima per se 

Areas of atiophy and cellular infiltration were encountered m the upper inter 
costal muscles and the diaphragm m case 1 These aie interesting m view 7 of the 
possible resemblances of scleroderma to dermatomyositis Cleaicut scleroderma 
and clearcut dermatomyositis are distinctly different, but there are some patients 
who present both clinical and pathologic changes which partake of the nature 

7 McCarthy, L Histopathology of Skin Diseases, St Louis, C V Mosby Companj, 

1931 

8 Murphy, J R , Krainin, P, and Gerson, M J Scleroderma with Pulmonary Fibrosis 
JAMA 116 499 (Feb 8 ) 1941 Lmenthal and Talkov 4,7 

9 Gitlow, S , and Steiner, S Scleroderma with Special Reference to the Blood Chemistr>, 
Arch Dermat & Syph 9 549 (May) 1924 

10 Rake, G On the Pathology and Pathogenesis of Scleroderma, Bull Johns Hopkins 
Hosp 48 212, 1931 Ochsner and DeBakey 4c Brock 53 
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Although a voluminous hteiatuie exists on the subject of leukemia, theie have 
been few studies dealing with a large senes of cases in which autopsy was done 
For this leason we have felt justified in reporting our study to conelate clinical and 
pathologic obseivations in all types of leukemia Most studies usually deal with 
only one type or with one 01 a few of the pioblems of the complex subject of blood 
dyscrasias This is well illustrated m the excellent monogiaph by Forkner 1 on 
leukemia written m 1938 and by subsequent papers on this subject In this papei 
we have reviewed and cntically examined 123 fatal cases of leukemia This group 
was selected from 14,400 consecutive autopsies performed at the Cook County 
Hospital from 1929 to Maich 1941 and repiesents an incidence of 0 86 per cent 
With a few exceptions data from a complete postmortem examination and studies 
of the peripheral blood and the bone maiiow were available We believe that such 
a large material and its critical review justifies this publication , the largest number 
of cases presented m one paper until now was 77 (Ikeda 2 ) encounteied m 12,396 
autopsies 

CLASSIFICATION 

There is considerable confusion m the hteiature as to teimmology and classifica- 
tion of different types of leukemia We cannot discuss m detail the controversies 
regarding various types but intend to state bnefly our stand on these questions 
For a long time two main types have been generally recognized myelogenous 
leukemia and lymphatic leukemia Since the work of Reschad and Schilling- 
Torgau 3 and Sabm and associates 4 monocytic leukemia has been pioved to be a 
definite separate entity The so-called “Naegeli type” of monocytic leukemia and 
the monocytic phase of myelogenous leukemia (Downey 5 and co-workers) appar- 
ently represent only myelogenous leukemia with a marked monocytic reaction 

From the Department of Pathology, Woodlawn Hospital, and the Cook County Hospital, 
Chicago 

1 Forkner, C E Leukemia and Allied Disorders, New York, The Macmillan Com- 
pany, 1938 

2 Ikeda, IC Gastric Manifestations of Lymphatic Leukemia, Am J Clm Path 1 
167, 1931 

3 Reschad, H, and Schilling-Torgau, V Ueber erne neue Leukamie durch echte 
Uebergangsformen (Splenozytenleukamie) und ihre Bedeutung fur die Selbstandigkeit diescr 
Zellen, Munchen med Wchnschr 60 1981, 1913 

4 (a) Doan C A and Wiseman, B K The Monocyte, Monocytosis and Monocytic 

Leukosis, Ann Int Med 8 383, 1934 ( b ) Sabm, F R , Doan, C A , and Cunningham, 

R S Discrimination of Two Types of Phagocy tic_ Cells in the Connectne Tissue by the 
Supravital Technique, Contrib Embryol 16 125, 1925 

5 Downey, H Present-Day Knowledge of Blood Ceil Formation and Pathology, J lov ? 

M Soc 22 477, 1932 
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pait of scleroderma The sequence involved in the development of the mjocaidial 
lesions weie those of oveigiowth of connective tissue, as m the skin, but the 
character of the connective tissue in the skin and myocardium m scleroderma 
was dififeient Howevei, the changes in the 2 patients with sclerodeima studied 
at postmortem examination weie similai and dilleied in several significant lespects 
from other varieties of m> ocai dial scars The pathologic obsei vations together vv ith 
the clinical data m the cases of the senes indicated that scleroderma heait dis- 
ease is a clinical and pathologic entity 

SUMMARY AND CONCLUSIONS 

The clinical histones of 9 patients with geneialized sclerodeima aie lepoited 
Postmortem examinations weie pei formed on 2 patients These 9 patients were 
selected for study because they all had symptoms and signs of heart disease 
Both the clinical and the pathologic studies indicate that the sclerodermatous 
process is not confined to the skm but involves othet organs The cardiac failure 
is caused by myocardial scarring of an unusual tvpe Roentgen examinations 
may show involvement of the lungs Dysphagia is common and esophageal stric- 
tuie occurs 

These patients demonstrate that scleroderma heait disease is a clinical and 
pathologic entity 

Dr N W Faxon, of Massachusettes General Hospital, and Drs J W Manary aid 
F Parker Jr, of Boston City Hospital, cooperated m making several of these cases available 
for studv 

Harvard Medical School 

Grady Hospital 
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53 cases (43 1 pei cent) of the myelogenous type, 37 cases (30 8 per cent) of the 
lymphatic type and 5 cases (4 1 per cent) of the monocytic type Ikeda 2 leported 
51 cases of myelogenous leukemia and 26 cases of lymphatic leukemia Our per- 
centage of cases of acute lymphatic leukemia is also higher than the figui es indicated 
in the literature Of the 123 cases (61 per cent), 75 lepresented acute leukemia, and 
of this numbei, there weie 26 cases (36 per cent) of stem cell leukemia, 33 cases 
(44 pei cent) of myelogenous leukemia and 11 cases (14 7 per cent) of lymphatic 
leukemia In the lemaming 5 cases (6 7 pei cent) the leukemia was monocytic 

Powell G expressed the belief that the higher incidence of acute leukemias 
reported m recent publications is due to an impiovemeiit m diagnosis, especially to 
lecogmtion of the leukopenic forms of the disease 

That leukemia occuis more fiequently m men is generally accepted (Foikner, 1 
Powell 0 and otheis) Our peicentage of 69 9 against 30 1, a ratio of 2 males to 1 
female, is a further proof Powell reported the same ratio In the vanous types 
of leukemia this ratio changes Thus, m oui cases we found that for myeloid 

Table 2 — Age Incidence of Vanous Types of Leukemia in One Handled and Twenty-Tin ec 

Fatal Cases 


Tjpe of Leukemia 

Stem cell 
Acute 

Acute aleukemic 
Chronic aleukemic 

Mj elogenous 
Acute 

Acute aleukemic 
Chrome 

Lymphatic 

Acute 

Chronic 

Chronic aleukemic 
Monocytic 
Acute 

Total 


0 10 11 20 21 30 

C 3 G 

1 1 1 


1 2 

1 

1 

U 9 13 


Age, Tears 

- — - — — s * — , 

3140 4150 5100 6170 O\er70 


Total 


1 4 

2 


3 3 0 
1 1 1 
0 2 9 


1 3 

3 10 

2 


2o 

3 

2 


6 2 28 

2 5 

1 20 

3 1 11 

7 3 23 


3 


1 2 1 

15 17 33 19 


123 


leukemia the latio was 37 to 16, for lymphatic leukemia 32 to 5 and foi stem cell 
leukemia 24 to 4 Whether the ratios are onlj incidental oi are typical is difficult 
to decide, as the number of reported cases m the literature is not sufficiently laige 
A definitely higher incidence among white persons has been obseived and the 
ratio m our cases was 3 white pei sons to 1 coloied pei son, oi /9 pei cent against 
28 per cent A¥e had only 1 Chinese, but the percentage of Chinese patients 
admitted to the hospital is low 

AGE 

Table 2 furnishes interesting mfoimation regarding the average age of patients 
with the various forms of leukemia There was a high pei centage of pei sons w ith 
acute leukemia (myelogenous, lymphatic and monocytic) in the older age gioup, 
namely, m 22 (29 3 per cent) of the 75 cases of acute leukemia the patients were 
in the fourth to the sixth decade, in 14 cases (17 3 per cent) the patients were 
between 61 and 80 years of age and m only 30 cases (40 per cent) we, e the patients 
m the first three decades Only stem cell leukemia showed a maiked preva ence in 
the first to the third decade, namely, 69 pei cent and in / cases (-6 9 per cent) of 
this type the patients were younger than 10 tears In -4 _ per cent of cases 

6 Powell, W N Acute Leukemias, Texas State J Med 36 486 1940 
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Also, with Doan and Wiseman, ln we lecognize the existence of a common 
ancestor of the myeloid elements, the hemocytoblast, or stem cell, and list, theiefore, 
a fourth type, stem cell leukemia, which is 1 epresented in our series by an unusual!} 
laige number of cases (28, 01 22 7 per cent) 

Sepai ation of acute fiom chionic leukemia is difficult in certain borderline cases 
However, the acute foim piesents a fairly chaiacteristic complex gioup of symptoms, 
as will be discussed later The chionic form includes illness in which there is a 
history of one year’s duration fiom the onset of symptoms, accordingly, we have 
classified our cases under the teims acute and chronic In a few r cases grouped 
under chronic leukemia theie was an acute exaceibation 

The term aleukemic ot subleukemic leukemia, generally used for particular sub- 
types, seems to be a contradiction in itself We suggest, therefore, the terms 
aleukemic myelosis for the myeloid form and aleukemic lymphadenosis for the 
lymphatic form These blood dyscrasias manifest themsehes mainly in the myeloid 


Table 1 — Distnbution and Classification of One Hundred and 7 uvnlv-Tht cc Cases of Fatal 
Leukemia Accoidmg to Type of Leukemia and Sc t and Race of Patient 




Sc\ 


Race 





K \ f— 


A — s 



Type of Leukemia 

Male 

Female 

W hlte 

Col oral 

Total 


Stem cell 





23 

(22 7%) 

Acute 

11 

12 

15 

8 

21 


Acute aleukemic 

1 

2 

O 

1 

O 


Chrome aleukemic 

o 


o 


2 


Mj elogenous 





51 

(43 1%) 

Acute 

19 

0 

21 

7 

25 


Acute aleukemic 

O 

) 

o 

4 

i 

3 


Chronic 

15 

3 

1G 

4 

20 


Lj mphatic 





17 

(30 8%) 

Acute 

10 

i 

10 

1 

11 


Chronic 

19 

■i 

20 

3 

2' 


Chronic aleukemic 

3 


3 


o 


Monocytic 





3 

(4 1 %) 

Acute 

3 

2 

** 

O 

1 







1 (Chinese) 5 


Total 

SG 

37 

9G 

27 

123 



G9 9% 

30 1% 

78 1% 

21 9 To 




or the lymphatic organs and not in the peripheial blood and to use any w r ord 
containing “-enua’ seems to be illogical 

For the final classification of a case undei a given type of leukemia w r e used all 
available clinical data the peripheial blood pictuie, lesults of bone marrow studies 
and, as the most impoitant aid, the necropsy repoit All} case in which autopsy 
is not done cannot be considered as completely worked up and can be subject to 
criticism as to its final mtei pi etation and classification 

INCIDENCE 

Table 1 shows the distribution of oui 123 cases accoidmg to type of leukemia, sex 
and race One sti iking figure is the high incidence of stem cell leukemia namely, 
28 cases, or 22 7 per cent In 26 of these 28 cases, or 92 pei cent, the course w^as 
fulminant and illness ended fatally within a short tune This is m accordance with 
the general observation that the youngei the patient and the more immature the type 
cell, the more acute the course In only 1 case was illness leally chronic, lasting six 
and a half years In a second case the patient died twelve months after the onset 
of symptoms In both cases of chronic illness it w r as of the aleukemic variety The 
ratio between nr\ elogenous, lymphatic and monocytic types is not unusual We had 
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quently the initial symptom Geneial weakness, malaise, easy fatigue and anoiexia 
weie mentioned in eaily stages of acute and of chiomc leukemia— m 57 1 per cent 
of cases of stem cell leukemia, in 15 1 pei cent of cases of myelogenous leukemia 
and m 29 7 per cent of cases of lymphatic leukemia Acute mfiammatoiy and ulcei- 
ative piocesses in the oial cavity oi m the thioat were encounteied m 20 cases of 
acute leukemia, mostly of the stem cell and the myelogenous type, and in 7 cases 
of chiomc leukemia Foikner pointed out that in acute monocytic leukemia these 
lesions aie moie seveie and consist of deep ulcerations with swelling of the gums 
and the oial mucosa, while m myelogenous and m lymphatic leukemia the lesions 
are milder and pi esent only slight inflammation and petechial hemoi i hages Sevei c 
bleeding fiom the nose was also an initial symptom fiequently obseived, sometimes 
in association with the lesions m the oral cavity but sometimes as an isolated 
complaint that induced a patient to seek medical advice This was noted m 12 
cases of stem cell leukemia, m 11 cases of myelogenous leukemia, m 6 cases of 
lymphatic leukemia and in 1 case of monocytic leukemia 

Spontaneous hemoi rhage and hemorihagic diathesis belong to the syndiome 
chiefly observed m acute leukemia Petechial hemoi rhages in the skin weie encoun- 
teied only m 1 case of chronic aleukemic lymphadenosis and m 1 case of chiomc 
myelogenous leukemia, while they weie noted m 4 cases of acute stem cell leukemia, 
in 4 cases of acute myelogenous leukemia and m 3 cases of acute lymphatic leukemia 
Massive gross hemoi rhage may also indicate the hemoi lhagic diathesis of the 
leukemic patient It was observed twenty-one times in acute myelogenous leukemia 
and aleukemic myelosis, twelve times in acute stem cell leukemia, seven times in 
acute lymphatic leukemia, four times in acute monocytic leukemia, three times in 
chronic myelogenous leukemia and eight times in chronic lymphatic leukemia 
Hemorrhages occuired m 73 3 per cent of cases of the acute form and m only 31 2 
per cent of cases of the chronic form 

The hemorihage may manifest itself as bleeding from the nose (32 cases), bleed- 
ing of the gums (19 cases), hemoptysis (9 cases), melena (S cases), menorrhagia 
(6 cases), conjunctival hemorrhage (5 cases), hematemesis (5 cases), letmal hemor- 
rhage (2 cases) and hematuria (1 case) 

This hemorrhagic diathesis is, according to most authors, caused by maiked 
thrombopema We encountered a distinct decrease of the blood platelets in 31 
cases Whether vitamin K deficiency is of any etiologic importance has to be 
studied furthei We have found no references to it m the liteiature 

One of the less frequent symptoms either m the early or m the late stages of the 
disease is dull or sharp pains It was observed in 24 cases of acute leukemia and 
3 cases of chronic leukemia without any pieference for one or the othei type Othei 
symptoms were headaches (7 cases), piecordial or sternal pains (5 cases), a ague 
abdominal pains (4 cases), pains in the aims or legs (8 cases) and pains in the gums 
or cheeks (3 cases) The pain is appaiently caused by lesions of the central oi the 
peripheral neivous system These lesions may consist of hemorrhages oi leukemic 
infiltrations Tromner and Wohlwill 8 9 and Schwab and Weiss 0 made extensne 
studies in this legard and repoited fiequent involvement of the nervous s\stem 

Difficulties m breathing were obseived in 23 cases (10 cases of acute leukemia 
and 13 cases of chiomc leukemia) These symptoms, hoveier, are too \ague and 
too fiequently observed in association with othei conditions often encounteied m 

8 Tromnei , E, and Wohlwill, F Ueber Erkrankungen dcs Ncr\ en<=\ stems indie =on- 
dere der Hirnneraen bei Leukamie, Deutsche Ztschr f Xer\enh ICO 233, 1927 Periphery 
Nervenerkrankung bei Leukamie, Zentralbl f inn Med 48 9 96 1927 

9 Schwab, R S, and Weiss, S Neurologic Aspects of Leukemia \m J M 
189 766, 1935 
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of myelogenous leukemia the patients were youngei than 30 >eais, while m 21 per 
cent they weie between 31 and 60 yeais of age and in 30 3 pei cent (10 cases) they 
weie between 61 and 80 yeais of age The figuies for lymphatic leukemia are 
similar In 3 cases (27 3 pei cent) the patients were in the first thiee decades, and 
m 4 cases (36 4 per cent) they were oldei than 60 years These figuies are impor- 
tant for diagnostic consideiation, as they prove that acute leukemia is not all too 
uncommon in eldeily patients Therefoie, if an oldei patient piesents an indefinite 
clinical picture lesembhng that of acute leukemia, such as ulceiatne lesions in the 
oral cavity and petechial oi gioss hemonhages, the diagnosis of leukemia should be 
consideied and excluded even if the white cell count is low Differential blood 
counts and aspnations of bone marrow should be made to rule out this possibility 

The chiomc leukemias show a definite prevalence in the middle-aged group In 
34 of 48 cases (70 per cent) the patients weie m the fourth to the sixth decade and 
m 11 cases (22 9 per cent) they weie oldei than 60 yeais In only 3 cases (6 3 
per cent) weie the patients younger than 30 years, and in 1 case of aleukemic 
lymphatic leukemia the patient w^as 7 years of age In 85 per cent of the cases of 
myelogenous leukemia the patients were between 31 and 60 }ears of age, while 
57 pei cent of the cases of lymphatic leukemia represented the same age gioup 

Summanzmg, w^e find that according to oui scries, leukemia does not show 7 a 
definite tendency to occur m young pei sons, since in the same peicentage of cases 
leukemia occuired m the first three decades and in the fourth and sixth decades 
An exception was noted m the case of stem cell leukemia, which occurred chiefly in 
persons younger than 30 yeais (93 7 per cent) 

symptomatology 

All forms of leukemia present a multitude of symptoms and physical signs and 
vary so consideiably that a physician needs all available laboratory methods to estab- 
lish firmly a correct diagnosis It is of more than academic and pathologic interest 
not only to make a diagnosis of “leukemia” but to determine the type of leukemia 
Although a cure for this disease is still not known, the treatment of acute stem cell 
leukemia is different from that of chronic aleukemic lymphadenosis There are no 
pathognomonic symptoms in leukemia, but several symptoms w r ere encountered 
more frequently in some types than in others The acute leukemias particularly 
show certain typical features that are not so frequently seen m the chronic form 
We agree with Kaufmann and Loewenstem 7 that it is impossible to correlate clinical 
observations with a paiticular cell type 

In our series of cases we have tried to evaluate the clinical features and the 
results of physical examination and laboratory tests In several cases it was impos- 
sible to obtain a complete history, since many of the patients admitted to the Cook 
County Hospital are foreign born and frequently were unable to speak and undei- 
stand English Many patients had not had previous medical attention and were 
moribund when admitted, and from them also it was impossible to obtain detailed 
histones 

The onset m all cases of acute leukemia was abrupt , in cases of chronic leukemia 
it w^as insidious In 3 cases myelogenous leukemia started as chronic leukemia 
and then suddenly showed the symptoms of the acute form, death occurred after 
a few w 7 eeks In 12 cases (acute leukemia, 8, chiomc leukemia, 4) the disease 
was first noticed after some trivial minor suigical procedure, such as extraction of 
a tooth or tonsillectomy An acute infection of the upper respiratory tract was fre- 

7 Kaufmann, J , and Loewenstem, L A Study of Acute Leukoses, Ann Int Med 
12 903, 1940 
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cases the numbei of the leukocytes was 850 pei cubic nulhmetei It appears from 
the literature that acute leukemia may start with a granulopemc blood picture, and 
it is due to this fact that many instances of acute leukemia have been mistaken 
for agranulocytosis , even the clinical picture of the latter disease is somew hat similar 
to that of leukemia It is, therefore, imperative that blood counts aie performed 
at frequent intervals In 6 cases (21 4 per cent) of stem cell leukemia the white 
cell count was below 4,000 Similar low white cell counts occurred in 5 cases of 
myelogenous leukemia, 6 cases of lymphatic leukemia and 1 case of acute monocytic 
leukemia Relatively frequent, however, was an excessively high white cell count 
In 32 cases the count was over 200,000 per cubic millimeter, 14 were cases of chionic 
myelogenous leukemia and 6 cases of acute stem cell leukemia When comparing 
counts made at frequent mteivals one observes a constant fluctuation, paiticularly 
under the influence of treatment and especially after roentgen irradiation of the 
spleen oi bones 

As has been mentioned, the hemoi rhagic diathesis in leukemia is caused in many 
cases by maiked thrombopenia Since platelet counts weie not made m all cases, 
oui figures cannot give the true picture m this legard It is, however, significant 
that m 31 cases (41 4 pei cent) of acute leukemia and in 7 cases (14 6 per cent) of 
chronic leukemia a marked decline (mostly below 30,000) of the thrombocytes was 
encounteied, while in 73 3 per cent of cases of acute leukemia and in 31 pei cent 
of cases of chronic leukemia spontaneous hemonhages occurred One ma) r theiefore 
assume that the actual percentage of cases m which thrombopenia occurs is consider- 
ably highei Like the erythrocytes and the leukocytes, the blood platelets vaiy in 
number, as indicated m repeated counts Minot and Buckman 10 stated that 
according to their senes of 50 cases the number of thrombocytes may be, normal, 
increased or decreased 

In the few instances in which studies of the bleeding and clotting time weie 
made the bleeding time was prolonged in 4 cases of acute stem cell leukemia, in 
1 case of acute myelogenous leukemia and in 3 cases of acute aleukemic m)closis, 
while it was normal in 3 cases of acute stem cell leukemia and m 1 case of acute 
aleukemic myelosis The clotting time w as pi olonged in 2 cases of acute stem 
cell leukemia and m 1 case of acute lymphatic leukemia and was within noimal lange 
m 1 case of acute stem cell leukemia, m 1 case of acute myelogenous leukemia and 
m 3 cases of acute aleukemic myelosis Foihner mentioned onl) bnefly that the 
coagulation time in cases of acute leukemia may be prolonged 

Consideiable work has been done on the influence of leukemia on the basal 
metabolic rate As eaily as 1869 Voit and Pettenkofer observed a marked election 
of the basal metabolic late m a case of leukemia Later their obseivation was con- 
firmed by many authors (Minot and Means, 11 GundeisonA Riddle and Sturgis 1 
and others) Krantz and Riddle 14 and Lennox and Means 1 have expressed the 


10 Minot, G R, and Buckman, T E The Blood Platelets in Leukemias, 4m J M 

Sc 169 477, 1925 , _ . T , i i r < 

11 Minot, G R, and Means, J H Metabolism— Pulse Ratio m Lvophthalmic Goiter 

and m Leukemia with Remarks to Similarities m the Sj mptomatolog\ of These Diseases 

Arch Int Med 33 576 (May) 1924 T , , T< . 

12 Gunderson, A H The Basal Metabolism in Mjclogenous Leukcnm and lie Rch- 

tion to the Blood Findings, Boston M & S J 185 785, 1921 

13 Riddle, M C, and Sturgis C C Basal Metabolism m Chrome Myogenous L< ult- 
ima, Arch Int Med 39 255 (Feb 1 1927 t 

14 Krantz, C Q, and Riddle MC The Basal Metabolism m Chrome Lwupnatic 

Leukemia, Am J M Sc 175 229’lQ9S ,, , , , 

15 Lennox W G and Means, J H Stude of Basal and Xitropcnou= Mctaboh-m m 
u^Case ^g 23 ACUte Leukemia During Roentgen- Raj Treatment \rch I « Ted 3- ,fk 
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leukemic patients, 1 e, bionchopneumonia, pulmonary tuberculosis and cardiac 
decompensation, to be of any diagnostic value 

The mam and most constant abnoimality levealed on physical examination was 
enlargement of the hvei, the spleen and the lymph nodes Table 3 gives a sum- 
maiy of the weights of the livei and the spleen in om cases T he lymph nodes 
most fi equently enlarged u ei e the cervical gi oup Enlai gement of the 1 > mph nodes 
was the outstanding featuie m Emphatic and in stem cell leukemia, while enlarge- 
ment of the liver and the spleen Has more common in the im elogenous type 
However, to a lessei degiee and less frequently the lymph nodes are enlarged in 
myelogenous leukemia, and still less frequently enlargement of the spleen and the 
livei is observed m lymphatic leukemia 

LABORATORY DAI \ 

The diagnosis of leukemia, as a lule, is definitely established b\ a blood and 
a bone marrow smear As we did not determine the bone marrou picture for all 

Table 3 — Weight of the Livei and the Spleen in One Hundred and rvcnty-One Cases of 

Fatal Leukemia * 


I nor, 6m Spleen, Gm 

A -A 


T\pe of Leukemia 

r 

Average 
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1,500 
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/ 

V\crn^e 
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stem cell 

Acute 
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S 

9 

4 
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5 

4 

15 

Acute aleukemic 

1,R)0 

1 

1 

1 
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1 

2 

Chrome aleukemic 

3,115 


1 

1 
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Lymphatic 

Acute 
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4 
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5 

7 
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2 

10 

7 

930 

2 

t 

10 

Aleukemic 

2,0S0 

1 

1 

1 

300 


1 

2 

Myelogenous 

Acute 

1,950 

4 

IS 

4 

340 


4 

18 

Chronic 

2,890 

1 

7 

1 

1,530 

i 


IS 

Aleukemic 

1,750 


1 

1 

790 



5 

Monocytic 

Acute 

1,945 

No of Oases 

1 

4 


333 

No of Cnscs 


3 

2 

Total 

105 

20 

01 

21 

121 

13 

21 

87 


* Note that the largest liters and spleens occurred in eases of chronic mjclogenons leukemia 


patients while they were alive but did in the majoiity of cases at autopsy, we shall 
discuss later the differential counts of the peripheral blood and the bone mairow 
and their relation together with the other autopsy obseivations 

One of the most common complications of leukemia is marked anemia It was 
encountered m 103 (83 7 per cent) of our 123 cases In 63 cases (51 2 per cent) 
the hemoglobin concenti ation was under 50 per cent Comparable figures were 
obtained with the count of the led blood cells In 70 cases (56 9 per cent) the count 
was below 2,500,000 In most cases the anemia was of the hypochiomic type Com- 
paung the figures for the various types of leukemia, we found a hemoglobin con- 
centration below 70 pei cent in 64 cases (85 3 pel cent) of acute leukemia and m 
29 cases (60 4 per cent) of chronic leukemia It was below this percentage in 27 
(96 4 per cent) of 28 cases of stem cell leukemia, 36 cases (67 9 per cent) of myel- 
ogenous leukemia, 25 cases (67 5 per cent) of lymphatic leukemia and 5 cases (100 
per cent) of monocytic leukemia 

It is a well known fact that m leukemia the total white cell count is not always 
markedly elevated This holds true especially for aleukemic or subleukemic groups, 
but it is not infrequently observed that the white cell count is considerably below 
the normal range, especially in the initial or terminal stages of the disease In some 
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DIAGNOSIS 

Of 112 cases of our series m which a definite clinical impression was lecorded, 
the diagnosis of leukemia was correct m 87, or 77 7 per cent Cases m which a 
clinical diagnosis of one type of leukemia was made and autopsy re\ealed another 
type were counted as instances of correct diagnosis, but when the clinical impression 
was “blood dyscrasia” without further specification, it was not consideied a coirect 
diagnosis 

A few wrong clinical diagnoses may be mentioned lobar pneumonia oi 
bronchopneumonia, 3 cases, Vincent’s angina, 1 case, chronic aleukemic stem 
ceil leukemia mistaken for Hodgkin’s disease, 1 case, and rheumatic heart disease, 
sepsis caused by Stieptococcus vindans or arteriosclerotic heart disease, 7 cases 
A malignant growth m the gastrointestinal tract or a bleeding peptic ulcer was 
suspected m 2 cases of acute myelogenous leukemia and a mediastinal tumoi in 
1 case of acute stem cell leukemia A diagnosis of splenomegaly was made m 
1 case of acute aleukemic myelosis In 2 cases chronic lymphatic leukemia was 
discovered incidentally at autopsy 

It is not our purpose to discuss in detail the differential diagnosis of leukemia 
It may suffice to mention that the so-called “leukemoid reactions” have to be 
clearly differentiated from true leukemia A blood picture simulating that of 
leukemia may be observed m association with pertussis, infectious mononucleosis, 
tuberculosis, Vincent’s angina and any other infectious disease Neoplasms, such 
as carcinoma and melanoma, may present a similar picture Much more difficult 
at times is the demarcation of leukemia from lymphosarcoma and Hodgkin’s 
disease 

ANATOMIC OBSERVATIONS 

In leviewmg the necropsy reports here we shall be paiticulaily concerned 
with the organs of the hemopoietic system, i e , the liver, the spleen and the bone 
marrow In a number of our cases in which the clinical diagnosis w'as vague or 
incorrect the true condition was determined after autopsy The pathologic changes 
m the spleen, the liver and the bone marrow were characteristic of leukemia 

In table 3 are given the weights of the liver and the spleen in all cases m which 
they were recorded In 105 cases the weight of the liver w^as mentioned, while in 
121 cases the weight of the spleen was noted The liver w r as usually laige and 
the highest weights were noted m the cases of chronic myelogenous leukemia 
This also held true for the size of the spleen However, the -size and the weight 
of the liver and the spleen are not diagnostic criteria in differentiating the tipe 
of leukemia, as seen from our statistics The largest liver in our series weighed 
5,535 Gm and occurred m a patient with chronic myelogenous leukemia The 
largest spleen occuired in a patient with chronic lymphatic leukemia, and its weight 
was 2,865 Gm 

The microscopic appearance of the liver m all tjpes of leukemia is characteristic 
The liver may show' leukemic cells either within the dilated sinusoids or within 
the peripoi tal fields In only about 50 per cent of cases the connectne tissue 
of Ghsson’s capsule shows a maiked infiltration with mature and immature 
lymphocytes oi myeloid cells According to Jaffe -’ 3 a trpical feature of monocwic 
leukemia is the presence within Ivupffer's cells of granules which ricld a posime 
oxidase reaction This statement was borne out in 3 of our 5 ca^es of monocUic 
leukenna, but such gianules w'ere occasional!} obsened in ca^es of lmclogcnom 
leukemia The t)pe cell of myelogenous leukemia found in the Iner is the method 
cells m all stages of deielopment In the acute form*; mamh the blast cells nrt 


23 Jaffe, R II Personal communication to the authors 1037 
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belief that the basal metabolic late is of piognostic \ alue and an indicator of the 
severity of the leukemic piocess A sudden shaip use in the basal metabolic rate 
is a sign of bad piognosis Theie aie cases in which the basal metabolic late is 
100 per cent above normal To what extent this increase is actually caused by the 
leukemic process is difficult to evaluate, since accompanying hypei th> i oidisni is 
observed m cases of leukemia Of 11 cases m which the basal metabolic rate was 
determined, there was an elevation over 10 per cent in 10 and in 1 it was within 
normal limits 

Of some value is detei mmation of the uiea nitrogen and the nonpiotem nitrogen 
m the blood of leukemic patients Bechei and Hemnann 1 '’ icpoited that these 
substances were elevated Of the 20 cases in which determinations weie made, the 
level of nonpiotem mtiogen was noimal in 9 and consideiably eleiated in 11 

The unc acid content of the blood was mci eased in 5 cases 

The cholesteiol content of the blood was noimal in 3 cases and was increased m 
1 case Muellei 17 leported subnormal values in 3 cases of lymphatic leukemia and 
13 cases of myelogenous leukemia 

Befoie concluding the discussion of the symptomatology of leukemia a few 
symptoms which were less frequently’' observed and which are referable to the 
leukemic process aie worth mentioning Occasionally, patients complain of edema 
of the extremities, which could be venfied on physical examination Those cases 
m which the edema is caused by a caidiorenal pathologic condition should be 
excluded as possible instances of leukemia Edema in cases of leukemia could be 
explained by encroachment of the enlarged lymph nodes on the large vessels in 
the grom or by obliteration of the lymphatics by’ the leukemic tissue within the nodes 
As will be show n later, frequently the entn e normal architecture of the lymph node 
is destioyed and replaced by pathologic cells and tissue No lymph sinuses were 
recognizable We encountered this symptom in 8 cases of myelogenous leukemia, 
m 2 cases of stem cell leukemia and in 2 cases of lymphatic leukemia 

Vertigo, observed not infrequently in leukemia, is caused by infiltration of 
leukemic tissue into the internal ear Gottstein 18 and Pohtzer 10 repoited cases in 
which leuekemia simulated Meniere’s syndrome We encountered the symptom of 
veitigo m 9 cases 

In textbooks great importance is attributed to the occurrence of priapism in 
leukemia We encountered the symptom in only’ 1 case of acute my elogenous 
leukemia Craver 20 encountered it only’ once in his series of moie than 100 cases 
and Barney, Hunter and Mintz 21 once in 51 cases Wartlnn, 22 however, reported 
the occurrence of priapism in one fourth of his cases 

16 Becher, E, and Herrmann, E Das Zustandekommen der hohen Werte des gebun- 
denen und freien Aminostickstoffes lm entenveissten Blute bei Leukannen, Munchen med 
Wchnschr 73 1312, 1926 

17 Mueller, G L The Cholesterol Metabolism in Health and in Anemia, Medicine 9 
130, 1930 

18 Gottstein, J Ueber den Memere’sclien Symptomen-complex, Ztschr f Ohrenh 9 
37, 1880 

19 Pohtzer, A Pathologische Veranderungen ini Labyrinthe bei leukamischer Taubheit, 
Cong internat d'otol , Compt rend , Basel 3 139, 1885 , cited by Forkner 1 

20 Craver, L F Priapism in Leukemia, S Clin North America 13 472, 1933 

21 Barney, J D , Hunter, F T , and Mintz, E R Urological Aspects of Radio- 
Sensitive Tumors of Blood-Forming Organs, Tr Am A Gemto-Urin Surgeons 24 413, 
1931 , J A M A 98 1245 (April 9) 1932 

22 Warthin, H S Death Due to Leukemic Infiltration of the Larynx, Priapism Per- 
sistent Postmortem, Myeloid Thromboses in the Corpora Cavernosa, Fatal Hemoirhage from 
Spleen After Prolonged Radio Therapy, Internat Clin 4 280, 1909 
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Bone Mai low — Most impoitant of all is examination of the bone marrow 
It reveals best the true picture of the disease, and by companng its cells with 
those of the peripheral blood one can often leconstruct and follow' the course 
of a leukemic disorder The reports in the literature and the expenence of 
hematologists indicate how the blood picture may change considerably during the 
course of the disease It is, therefore, of the utmost importance to follow' these 
changes by repeatedly making blood counts, smears and sternal punctuies m order 
to obtain the ti ue picture 

In the following paragiaphs we shall give a brief summary of the bone marrow' 
studies as compared woth the peripheral blood picture in oui series of cases Most 
of the bone mariow' counts were made on marrow obtained from the feinui at 
autopsy 

Ac ute Stem Cell Leukemia Smears of bone marrow' and of blood wei e studied 
m 23 cases In 15 cases a differential count of the bone marrow' w'as made In 
all but 4 cases the marrow was described as hyperplastic and very cellulai In 
4 cases the marrow w'as fatty In 17 cases (74 per cent) the majority of cells were 
stem cells In 6 cases the percentage of stem cells m the marrow corresponded 
loughly to that in the peripheral blood In 11 cases the piedonunant cell in the 
marrow was the stem cell , m 7 of these 1 1 cases the pei lpheral blood show'ed a 
further maturation of the cells in the direction of the lymphoblast, u'hile in 4 cases 
the type cells in the penpheral blood were myeloblasts or myelocytes 

In 4 cases the bone marrow contained only a moderate number of stem cells, 
while lymphoid or myeloid cells dominated the picture, the peripheral blood, 
however, showed a higher peicentage of stem cells than the manow, indicating a 
dedifferentiation of cells In 1 case transitional forms between stem cells and 
myeloblasts were the outstanding cell type in the marrow, while the blood smear 
showed 56 to 94 per cent stem cells These figures repiesent aveiage values 
obtained from repeated counts In all foims of leukemia three tiends of develop- 
ment are recognizable a gradually increasing output of mature cells, an increased 
number of immature cells in the marrow' and the peripheral blood and an lriegular 
fluctuation of the circulating cells 

The bone marrow, and to a lesser degree the peripheral blood, show a large 
variety of cell types m stem cell leukemia, in contrast to the number m lymphatic 
leukemia All stages of erythropoiesis, myelopoiesis and lymphopoiesis can be seen, 
but the type cell lemains the undifferentiated stem cell or hemocytoblast Numer- 
ous mitotic figures can be seen 

Acute and Chiomc Aleukemic Stem Cell Leukemia Five cases w'ere studied 
In only 1 case was the marrow fatty , in the other 4 cases it was hyperplastic and 
very cellular In all cases the stem cells formed 40 to 80 per cent of the marrow 
cells, a large percentage of erythroblasts was also seen but only an occasional 
immature myeloid or lymphoid cell The peripheral blood show'ed no appieciable 
abnormalities , in only 2 cases moderate relative lymphocytosis was observed 

Acute Myelogenous Leukemia Tw'enty-three cases weie studied, in 1 case 
only w'as the bone marrow' available, while m 4 cases the bone marrow w'as 
described as fatty and containing only a small number of myelocy tes or myeloblasts 
The peripheial blood in these 4 cases show'ed a corresponding numbei of these 
cells In the remaining cases cells in all stages of myelopoiesis could be seen , in 
some the blast forms w'eie predominant, and in others the more mature foims such 
as mvelocytes or juvenile granulocytes, predominated In most cases the differ- 
ential count of the marrow corresponded approximately to that of the peripheral 
blood The percentage of erythroblasts or megaloblasts -varied from 1 to 20 How- 
ever, in 1 case 95 per cent of the marrow cells were erythroblasts while m the 
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observed, which frequently gave a negative oxidase leaction The mici oscopic 
picture of the livei in the so-called “aleukemic” forms did not differ from that in 
the fully developed leukemias The spleen was sinulai in this respect Occasionally, 
an increased amount of hemosidenn pigment was seen m the livei 

The microscopic appearance of the spleen is chai actei istic In almost all cases 
of myelogenous leukemia the spleen shows the so-called “m)eloid metaplasia” 
The normal aichitectuie is completely leplaced by myeloid tissue showing mainly 
immatuie myeloid cells In the acute foims, the eaily cell types, that is, the 
myeloblasts, aie predominant, and mitotic hguies aie piomment The oxidase 
reaction in many cells is negative In the clnonic forms, the moie mature cells 
dominate the picture, myelocytes and mature granulocytes aie the most common 
cells and the oxidase reaction is positive Occasionally, eosinophilic myelocytes 
and granulocytes are seen in increased number Not infrequently marked hemo- 
siderosis is noted, indicating an increased destruction of erythrocytes Important 
is the fact that the stiuctures of the spleen and the liver m aleukemic myelosis 
do not differ fiom those in leukemias in which the peripheral blood shows all 
immature forms 

In stem cell leukemia the type cell is displayed piedommantly in the spleen, 
but besides this cell frequently myeloid or immature lymphoid cells can be found 
As m myeloid leukemia, erythroblasts and normoblasts are among the cells con- 
stituting the myeloid metaplasia 

In all forms of lymphatic leukemia the spleen presents a monotonous and 
uniform picture Again, the normal aichitectuie is completely obliteiated, and one 
sees a uniform mass of lymphoid cells, mostly lymphocytes and lymphoblasts 
The oxidase reaction is negative In only a few cases can maiked sideiosis be 
observed 

In the few cases of monocytic leukemia studied monocytes and monoblasts 
dominated the picture 

Lymph Nodes — The lymph nodes were frequently involved Acute stem cell 
leukemia produced the most marked enlargement of almost all the groups of 
legional lymph nodes The mesenteric and other abdominal nodes were most 
frequently involved in all types of leukemia The inguinal cervical and axillary 
nodes were less frequently enlarged 

The microscopic appeal ance of the lymph nodes vanes, naturally, in the different 
types ot leukemia A monotonous picture is seen in all cases of lymphatic leukemia, 
in which the nodes are transformed into a uniform mass of lymphocytes and 
lymphoblasts There is no recognizable suggestion of any normal architecture 
In myelogenous leukemia one sees “myelogenous metaplasia” similar to that 
observed m the spleen and the liver All foims of mature and immature myeloid 
cells can be observed Only remnants, if any, of the former stiuctures are left 
Immature red blood cells are present In stem cell leukemia the type cell replacing 
the lymphoid tissue is the stem cell, which gives a negative oxidase leaction 
Frequently also, immature lymphoid or myeloid cells constitute the “leukemic 
tissue” Monocytic cells were mostly seen m acute monocytic leukemia In 18 
cases (stem cell leukemia, 5, myelogenous leukemia, 4, and lymphatic leukemia, 9) 
a diffuse infiltration of the leukemic cells into the capsule of the lymph node and 
into the permodular tissue was noticed This observation may be relevant in the 
consideration of the nature of the leukemic process as an infiltiatmg growth, a 
feature usually considered as a criterion of a malignant tumor This suppoits 
the theory that leukemia is a neoplastic disease In 1 of our cases there was a 
definite malignant degeneration of a group of mediastinal lymph nodes into a 
lymphosarcoma with multiple metastases 
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cases the peripheial blood showed predominantly lymphocytes and lymphoblasts 
In 1 case repeated blood smears showed a gradual decrease of the granulocytes 
from 80 to 6 per cent, while the lymphoid cells rose m the same tune fiom 15 to 
92 per cent 

Chronic Aleukemic Lymphadenosis In 1 case the bone marrow was fatt} , and 
in another case it was very cellular and hyperplastic The first case is not lemark- 
able, as the bone marrow showed lymphocytes and lymphoblasts and only a few 
myeloid cells The peripheral blood, however, had 47 per cent granulocytes and 
49 per cent lymphoid cells 

Acute Monocytic Leukemia All 5 cases were studied completely The marrow 
was hyperplastic and contained 70 to 96 per cent monocytoid cells (monocytes 
and monoblasts) Besides these cells, however, mature and immature myeloid 
cells and erythi oblasts could be seen m varying numbeis The lymphocytes were 
less prominent, not more than 7 per cent With the exception of 1 case the 
peicentage of the monocytes was less in the blood than m the marrow In this case 
a large number of monoblasts (up to 32 per cent) were present m the peripheial 
circulation One case is lemarkable m that the marrow contained 96 per cent 
monocytoid cells and only 0 4 per cent myelocytes, while the blood smear showed 
90 per cent myeloblasts In another case, the peicentage of monoblasts rose 
gradually from 0 to 7 to 32, while the corresponding percentages for the mono- 
cytes were 25, 68 and 25 In all but 1 case the peripheral blood contained 
monocytes and monoblasts, m 2 cases the immature cells outnumbered the mature 
monocytes 

LEUKEMIC INFILTRATIONS 

Accumulation of immature white corpuscles is not limited to the hemopoietic 
organs We encountered the so-called “leukemic infiltrations” in almost all organs 
and tissues of the body There is apparently no particular recognizable preference 
of one cell type for any special organ or organ system The most frequently 
involved organ m all forms of leukemia is the kidney (m 78 cases, or 63 per cent) 
The myeloid or lymphoid cells are found within the glomerular tufts or in the 
interstitial connective tissue In 5 cases the lenal capsule and the pernenal fatty 
tissue also showed marked infiltration with leukemic cells 

The heart was involved in 43 cases (34 per cent) Here the cells w r ere 
encountered within the capillaries and in the interstitial tissue between the myo- 
cardial fibers While the mfiltiation of the kidney w^as evenly distributed among 
the various forms of leukemia, we encountered the highest percentage of cardiac 
involvement m acute stem cell leukemia, in 14 cases (54 per cent) the heart 
showed maiked infiltration with stem cells The heart was imolved in 54 pei 
cent of cases of acute lymphatic leukemia In all the other foims an infiltration 
of the heart was not present in more than 25 per cent of cases 

The intestines showed leukemic infiltrations in 17 cases (13 per cent) Among 
the other organs or stiuctures which were less frequently infiltrated with immature 
white cells we mention m the oidei of fiequenc} onh the lungs 06 cases), 
adrenals (14 cases), thymus (12 cases), pancreas (9 cases) cential nervous 
system (8 cases), skin (5 cases), oral cavity (5 cases) genitalia (5 cases) tlnroid 
(2 cases), ubs (2 cases) and urinary bladder (1 case) The infiltrations m the 
skm and the cential nervous system are important from the clinical standpoint as 
they may cause seveie symptoms, in the skm they appear as diffuse!} distributed 
nodules, while m the cential nervous s) stem thev mav give rise to such -vmptonu 
of mutation or paialysis as headaches convulsions veitigo blindness, deafness or 
paialysis of the extremities 
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peripheral blood 97 per cent of the white cells weie myeloblasts, 1 per cent were 
neutrophilic granulocytes and 2 per cent were lymphocytes In another case there 
was marked eosinophilic granulopoiesis, 60 per cent of all the marrow cells being 
eosinophilic myelocytes, 114 pei cent myeloblasts and 1 6 pei cent neutrophilic 
granulocytes The smeai of penpheral blood in this case consisted of 32 per cent 
eosinophilic granulocytes, 50 per cent myeloblasts, 10 5 per cent polymorphonuclear 
granulocytes, 2 pei cent neutrophilic promyelocytes, 3 5 per cent mature eosinophilic 
granulocytes and 5 5 per cent lymphocytes In most cases the bone mairow con- 
tained more blast forms than did the peripheral blood 

Acute Aleukemic Myelosis Five cases could be studied, but in 1 case a blood 
smeai was not available In the other 4 cases the bone marrow was very cellular 
and h\ perplastic and contained immature myeloid cells, mainly neutrophilic myelo- 
cytes and erythroblasts Mature granulocytes, plasma cells and lymphocytes were 
only occasionally observed The blood smear in those cases in which it was 
available showed marked granulopenia (6 per cent of cells) but contained 16 per 
cent erythroblasts 24 pei cent monocytes, 50 per cent lymphocytes and 4 pei cent 
“lrntation forms” In 2 other cases it showed up to 6 per cent myelocytes and 
2 pei cent myeloblasts 

Chronic Myelogenous Leukemia In all 17 cases studied the bone marrow was 
hyperplastic and veiy cellular The differential counts of the marrow resembled 
each other considerably Cells of all stages of myelopoiesis and erythropoiesis w ere 
seen, predominantly neutrophilic myelocytes, promyelocytes and metamyelocytes 
Occasionally, monocytoid cells were observed The peripheral blood resembled 
the marrow in its constituents However, in 1 case the marrow contained 17 
pei cent myeloblasts, 12 6 per cent promyelocytes and 1 6 per cent metamyelocytes, 
w hde the blood smear showed 24 per cent myeloblasts, 9 4 per cent promyelocytes 
and 27 per cent metamyelocytes In another case 65 1 per cent myeloblasts w r ere 
counted in the marrow, but the peripheral blood smear showed 8 per cent myelo- 
blasts and at a second count 54 per cent myeloblasts and only 20 pei cent 
myelocytes A third case is worth mentioning, because the marrow show ed nothing 
remarkable except 0 3 per cent myeloblasts but the blood smear showed 13 6 per 
cent myeloblasts 

Chronic Myelogenous Leukemia with Acute Exacerbation The marrow m 
the 3 cases studied did not present any remaikable features different from the 
marrow m other cases of myelogenous leukemia It is important, however, to note 
that m 2 cases during the chronic phase the peripheral blood contained mainly 
myelocytes and only 1 per cent myeloblasts, wdule in the teimmal acute phase the 
percentage of myeloblasts rose to 81 and 95, respectively, the highest count for 
myeloblasts m our series 

Acute Lymphatic Leukemia As do all the other oigans, the bone mariow 
presents a monotonous picture in all forms of lymphatic leukemia In 7 of the 
11 cases m our series the bone marrow was hyperplastic and cellular It consisted 
almost exclusively of lymphocytes or lymphoblasts (81 to 95 per cent) m almost 
all cases The balance of the marrow' cells w'eie matui e and immature myeloid 
cells erythiocytes and erythroblasts The blood smear piesented a similar picture 
On repeated blood counts distribution of the cells varied only slightly 

Chronic Lymphatic Leukemia Only 15 of 23 cases could be studied completely 
The bone mariow' was hyperplastic m 13 cases and fatty m 4 The picture was 
the same as that described for acute lymphatic leukemia The majonty of the 
marrow^ cells were mature or immature lymphoid cells (80 to 95 per cent) Only 
m 4 cases were active myelopoiesis and erythropoiesis seen But even in those 
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TREATMENT 

Smce leukemia is a hopeless and incurable disease, we need to say only a few 
words about treatment The most widely used therapeutic measure, according to 
the literature and in our series of cases, was repeated transfusion of blood Trans- 
fusions were given in all stages and types of leukemia, and frequently a favorable 
temporary response could be noticed The treatment of second choice is roentgen 
or radium irradiation of the spleen, the mediastinal region, long and shoit bones 
and enlarged lymph nodes Total irradiation of the whole body was employed 
While the transfusions never had any untoward effect, exacerbation of symptoms 
and a rapid downhill course of the patient were frequently observed after lriadiation 
m cases of acute leukemia, without any reference to the type of leukemia This is 
m accordance with the reports in the literature Forkner, 1 Stengel and Pancoast 24 
and Minot and Isaacs 25 expressed the opinion that roentgen ray treatments wei e 
contraindicated in case of acute leukemia Naturally, severe anemia, leuko- 
penia, thrombopenia and a too rapid decrease of the myeloid elements would 
indicate a discontinuation of irradiation in any type of leukemia An inci eased 
output of immature cells, especially of the blast type, denotes a haimful effect of 
irradiation 

Arsemcals were administered in seveial cases but without any demonstrable 
value 

Transfusions of bone marrow and theiapy with sulfonamide compounds have 
proved of no avail 

SUMMARY 

One hundied and twenty-three cases of leukemia are reviewed This repiesents 
0 86 per cent of 14,400 consecutive cases m which autopsy was performed at the 
Cook County Hospital from 1929 to March 1941 

These cases are classified m three w r ays (a) according to the clinical couise, 
as acute leukemia or chronic leukemia, (b) according to the type cell in the 
peripheral blood, bone manow and tissues, as stem cell leukemia (28 cases), 
mjHogenous leukemia (53 cases), lymphatic leukemia (37 cases) and monocytic 
leukemia (5 cases), and (c) as leukemic or aleukemic disease The fiequent 
occurience (22 per cent) of stem cell leukemia is noted 

The incidence of leukemia with regard to race, sex and age is tabulated and 
discussed In our cases 69 9 per cent of the patients w ere male, 30 1 per cent 
w'ere female, 78 per cent weie udute and 22 per cent were colored The high 
incidence of acute leukemia m the older age groups is unusual Stem cell leukemias 
occurred most frequently in persons m the first tluee decades 

The symptomatology of leukemic disease is reviewed, and the relative frequency 
of the symptoms commonly observed in various forms of leukemia is discussed 
Previous obseivations by other authors that acute leukemia of all types presents a 
typical and almost pathognomonic syndrome can be corroborated 

Enlargement of the liver and the spleen was most common!} encountered in 
myelogenous leukemia and less frequently m lymphatic leukemia Generalized 
lymphadenopathy wtls the outstanding abnoimaht} m Emphatic leukemia and 
stem cell leukemia 

Marked anemia was observed in all forms of leukemia 

24 Stengel, A, and Pancoast, H K The Treatment of Leukemia and P<eiidoJeiit unn 
with X-Ray, J a’ M A 59 1166 (Sept 28) 1912 

25 Mmot, G R, and Isaacs, R Lymphatic Leukemia, \cc Incidence Durition and 
Benefit Denied from Irradiation, Boston M Sr S J 191 1, 1924 
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On the othei hand, from the pathophysiologic standpoint it is important to 
note that the organism reacts even in leukemia as in an infection, with the output 
of mature polymorphonuclear leukocjtes, although an abundant number of 
immature white cells are present m the blood and m the tissues The exudate m 
pneumonia and the pus m phlegmons or abscesses consists chiefly of mature poly- 
morphonuclear leukocytes In a case of chronic lymphatic leukemia a phlegmon 
of the buttocks and a septic infarct m the lung consisted of noimal pus cells, an 
abscess of the lung in a case of stem cell leukemia contained only a small number 
of stem cells, and m a case of chronic myelogenous leukemia the base of an extensive 
erosion of the cervix was diffusely infiltrated by lymphocytes 

Apparently, the immatuie white cells have no phagocytic power, and to combat 
the invading lymphocytes the organism sends out the legular troops, the pus cells, 
as m the case of an> infectious disease 

HEMORRHAGES 

Petechial or massive hemorrhages were one of the common clinical symptoms 
of all types of leukemia, occurnng mainly, however, m the acute forms The 
autopsy reports show that the hemorrhages may be more extensive and may involve 
more organs than physical examination can reveal The most widespread and 
extensive hemorrhages were encountered m cases of acute stem cell leukemia and 
acute myelogenous leukemia The most frequently involved organs w'ere the skin, 
the gastrointestinal tract, the epicardium, the endocardium, the conjunctivas and 
the pleuias 

ASSOCIATED DISEASES 

In reviewing our cases of leukemia w r e w'ere interested in the associated diseases 
discovered incidentally at necropsy The diseases encountered are no doubt 
coincidental and have no 1 elation to leukemia 

The complication most frequently encountered (forty-four times) w r as broncho- 
pneumonia and lobar pneumonia , m 14 cases of chronic lymphatic leukemia alone 
pneumonia was the cause of death Remarkable w'as the frequent incidence of 
hyperthyroidism and nodular goiters m association with all foims of leukemia 
We encountered it m 18 cases (14 6 per cent) We have already discussed the 
elevation of the basal metabolic rate and could not confirm reports found in the 
literature that the basal metabolic rate of patients with leukemia is generally 
elevated 

The finding of tuberculosis m 16 cases oi 13 per cent, is not unusual, since 
the general autopsy material in the Cook County Hospital show's a high incidence 
of tuberculosis The occurrence of hydiothorax in 13 cases, ascites in 10 cases 
and hydropericardium m 8 cases is also not particularly high These transudates 
apparently do not represent the expression of a separate disease but are symptoms 
of the leukemic process and of a disturbance of the circulation of lymph or blood 
The enlarged lymph nodes often compress blood or lymph vessels, causing con- 
gestion and transudation in the dependent regions 

Ulcerative proctitis and colitis were encountered in 7 cases, all acute stem 
cell leukemia Ulcerative processes in the oral cavity were not uncommon m the 
acute phase Numerically much less prominent but important for the concept of 
the disease was the association of other malignant conditions of the hemopoietic 
system We observed 1 case of multiple myeloma and 1 case of myelosarcoma 
m association with chronic lymphatic leukemia and with acute myelogenous 
leukemia, respectively 
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Theie is considerable interest m clinical conditions resembling leukemia 01 
lefiactoiy anemia, m which investigation of the bone mairow reveals fibrosis 01 
consideiable diminution of the cellular elements Until recently such conditions weie 
piopeil) identified only at postmortem examination, but at present the frequent use 
of steinal puncture 01 biopsy has made it possible to diagnose the condition dui mg 
life at ranous stages of its development According to oui clinical obsei vations, 
the results of microscopic studies on sternal bone and marrow obtained by biopsy 
and loentgen ray observations, two mam disease entities aie encountered These 
are (1) osteopetrosis (Albers-Schonberg disease, or marble bone disease) and 
(2) ni)elofibiosis (myelosclerosis, leukoerythroblastic anemia, myelophthisic ane- 
mia, osteosclei otic anemia or nonleukemic myelosis) It is the purpose of this 
communication to report a case of osteopetrosis and 17 cases of myelofibrosis, m 
all except 4 of which the diagnosis was made during life 

The disease process known as osteopetrosis (a term suggested by Karshnei 1 
in 1926 and meaning “stony bone”) was first described by Albers-Schonberg 2 in 
1904, and since then about 125 cases have been reported 3 The diagnosis can be 
made specifically by roentgenograms The entire osseous system is markedly 
and usually uniformly dense to roentgen rays (fig 1) The periosteum as dis- 
cerned m roentgenogi ams is intact, but tiansverse stnations of different degrees 
of density and multiple fracture sites are frequently observed in the shafts of the 
bones The generalized condensation of bone found m osteopetrosis cannot be 
confused with the isolated or scattered condensations of bone present in such 
conditions as osteopoikilosis, 4 condensing osteitis, eburnizmg osteitis, melorheos- 

Dr Erf is now at the Jefferson Medical College Hospital, Philadelphia 

From the medical services of Dr George Baehr and Dr B S Oppenheimer and the 
Laboratories of the Mount Sinai Hospital 

1 ICarshner, R G Osteopetrosis, Am J Roentgenol 16 405, 1926 

2 Albers-Schonberg, H E Rontgenbilder emer seltenen Knochenerkrankung, Munchen 
med Wchnschr 51 365, 1904 

3 (a) Clifton, W M, Frank, A, and Freeman, S Osteopetrosis (Marble Bones), 

Am J Dis Child 56 1020 (Nov ) 1938 ( b ) Fairbank, H A Increased and Decreased 

Densit} of Bone with Special Reference to Fibrosis of the Marrow, Brit J Surg 1 27, 1939 
(c) Karshner 1 (d) Kramer, B, and Halpert, B Marble Bones I Clinicopathological 
Observations, Am J Dis Child 57 795 (April) 1939 ( e ) Kramer, B , Yuska, IT, and 

Steiner, M Marble Bones II Chemical Analysis of Bone, ibid 57 1044 (May) 1939 
(/) Lamb, F H, and Jackson, R L Osteopetrosis (Marble Bone Disease), Am J Clin 
Path 8 255, 1938 ( g ) McCune, D J, and Bradley, C Osteopetrosis (Marble Bones) in 

an Infant, Am J Dis Child 48 949 (Nov ) 1934 (li) McPeak, C N Osteopetrosis 
Report of Eight Cases Occurring in Three Generations of One Familv, Am J Roentgenol 
36 816, 1936 (i) Nussey, A M Osteopetrosis, Arch Dis Childhood 13 161, 1938 

(;) Wolf, C Ueber einer Fall von osteosklerotischer Pseudoleukamia Beitrag zur Frage 

der Osterosklerosen, Beitr z path Anat u z allg Path 89 151, 1932 

4 Holh , L E „ Osteopoikilosis Five Year Studj , Am J Roentgenol 36 512, 1936 
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The white blood cell picture showed consideiable \ liability and fluctuation 
Attention is diawn to the obseivation that marked leukopenia may be observed 
in the early or the late stages of stem cell leukemia and myelogenous leukemia, 
especially m the acute forms Maikcd tin ombopema maj cause a hemonhagic 
diathesis 

The typical microscopic picture of the liver, the spleen and the Ijmph nodes is 
described “Myeloid metaplasia” was fiequcntly noted in myelogenous leukemia 
and stem cell leukemia 

Differential counts of bone maiiow aie compaied with those of peripheral 
blood The importance of lepeated counts is stiessed 

The incidence and the distribution of petechial and massive hemorrhages are 
discussed 

Repeated transfusions of blood were the most beneficial treatment in our cases 
but gave onlv temporary relief 

Mount Sinai Hospital (Dr Pieuss) 
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periosteum Scattered and even fairly widespread fibrosis of the mairow may be 
an associated finding in many disorders, such as atypical Paget's disease, 13 neo- 
plastic osteal processes, bony metastases of prostatic carcinoma, 14 myeloma, 15 septi- 
cemia, 9 benzene poisoning and radiation poisoning 1G The fibrotic changes in 
myelofibiosis may, however, be pnmai y and recognized during life 

Myelofibiosis is clinically chaiactenzed by weakness, dyspnea, refractoiy anemia, 
splenomegaly, penostitis and bone pams which frequently are “deep seated” (in 
the back and lower extremities) It occurs equally often in the two sexes and may 
be evident at birth or m late adult life There are no familial or hereditary char- 
acteristics known The prognosis for survival varies from five to six weeks when 
the disease is acute to several years when it is chronic The causation is unknown 

The cellular changes of the penpheial blood of patients with myelofibrosis and 
those with osteopetrosis are frequently similar The penpheial blood pictuie 
resembles occasionally that of chronic myeloid leukemia, but more often that of 
a refiactory type of anemia associated with leukopenia, thrombopema and the 
piesence of a few immature erythroid and myeloid cells Various workers 17 have 
described the same hematologic picture in patients with carcinomatosis, myelo- 
matosis, “spent” polycythemia and megakaryocytic hepatosplenomegaly The end 
stage of polycythemia resembles that of the primary disease, whereas megakaiyo- 
cytic hepatosplenomegaly associated with more or less myelofibrosis may be an 
early stage or a late stage of the condition The disease must be diffeientiated from 
leukemia, aplastic anemia, Gaucher’s disease, Banti’s disease, myeloma, osteitis 
fibrosis cystica, syphilis, skeletal metastases (especially carcinoma of the prostate), 
osteoplastic cancer, osteomyelitis, radiation osteitis, sclerosis of phosphorus or 
fluorine poisoning, periosteitis, malaria, Hodgkin’s disease and amyloid disease 

The postmortem observations are usually hepatosplenomegaly and occasionally 
generalized lymphadenopathy, a scleiotic or fibrotic manow and sclerosis oi i are- 
faction of the osseous system Microscopically, the spleen, liver and lymph nodes 
often show chronic mflammatoiy changes with fibrosis, myeloid hypeiplasia and 
extiamedullary erythropoiesis The marrow cavity may be filled diffusely with 
fibious tissue, or there may be areas of hemopoietic tissue interspersed m the 
fibrous tissue The endosteal bony trabeculations are usually increased in size 
and number 

The disease m the cases leported m this communication was identified mainly 
during life (except m cases 5, 6, 14 and 15) and presented the following clinical 
classifications 

1 Osteopetrosis (Albers-Schonbeig, or marble bone, disease) 

2 Myelofibrosis (myelosclerosis, leukoerythroblastic anemia, osteoscleiotic 
anemia) 

13 Jaffe, H L Atypical Form of Paget’s Disease Appearing as Generalized Osteo- 
sclerosis, Arch Path 16 769 (Dec ) 1933 

14 Weber, F P (a) Case of Osteosclerotic Anemia or Leukemia, M Press 127 74, 
1929, ( b ) Specimens from a Case of Osteosclerotic Anemia or Leukemia, Tr M Soc London 
52 99, 1929 

15 Zahn, F W Beitrage zur Geschwulstlehre, Deutsche Ztschr f Chir 22 1, 1885 

16 Gall, E A Benzene Poisoning with Bizarre Extra-Medullary Hematopoiesis, Arch 
Path 25 315 (March) 1938 

17 (a) Hirsch, E F Generalized Osteosclerosis with Chronic Poljcythemia Vera, Arch 

Path 19 91 (Jan) 1935 (b) Hirschfeld, H Die generahsierte aleukamische Mjelose tind 

lhre Stellung lm System der leukamische Erkrankungen, Ztschr f khn Med 80 126, 1914 
(c) Rosenthal, N, and Bassen, F Course oi Poljcythemia, Arch Int Med 62 903 (Dec) 
1938 ( d ) Stone, D M, and Woodman, D Polycythemia Terminating m Leucoen thro- 

blastic Anemia, J Path & Bact 47 327, 1938 (c) Vaughan, J, and Harrison C V Leuco- 

Erythroblastic Anemia and Myelosclerosis, ibid 48 339, 1939 
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tosis, fluonne sclerosis 5 and 1 elated disoiders Osteopetrosis may be associated 
with othei diseases, as m a case of Hodgkin’s disease repotted by Iiersker and 
Stem 6 

Osteopetrosis is frequently found during childhood, and the severe types are 
characterized by mental and physical letaidation, weakness, atiophy of the optic 
neive, hydi ocephalus , poor dentition, piogressive enlargement of the spleen, liver 
and lymph nodes, progressive development of a refractory type of anemia (asso- 
ciated usually with thrombopenia or leukopenia and often with slight myelemia), 
and occasionally by osteomyelitis and pathologic fi actures A symptomless type 7 
has also been described This condition remains unrecognized until loentgeno- 
giams are taken foi othei reasons It has familial and hereditary features, and a 
history of consanguinity is frequent The causation remains unknown Karshner 1 
stated the belief that the process is a pnmaiy hereditary dyscrasia of mesenchyme, 
and McCune and Bradley, 3s that it is an abnormality of the paiental germ plasma 
Osteopetrosis has been diagnosed in fetuses and in adults as late as the eighth 
decade The prognosis varies , the patient may live a few weeks or many decades 
The postmortem observations vary, but the usual pathologic changes observed have 
been those of hepatosplenomegaly , occasionally lymphadenopathy and very dense 
bone (maikedly resistant to sawing in most cases) have been seen, with a small or 
no medullary cavity Microscopically the spleen, liver and lymph nodes are often 
diffusely fibrotic, and occasionally extramedullary hemopoiesis is present The 
endosteum of most of the bones reveals a marked increase in the number and thick- 
ness of the trabeculae, which encroach on the marrow cavity, often to its exclusion 
The periosteum may be involved too The few spaces which may remain are 
usually filled with fibrous tissue or large cells resembling leticulum cells and only 
small deposits of hemopoietic tissue 

Myelofibrosis was first reported by Hueck 8 m 1879 Ante mortem his patient 
was known to have splenomegaly, leukocythemia and anemia, and post mortem, 
fibiosis of the spleen with foci of extramedullary hemopoiesis associated with mye- 
loid hyperplasia and generalized fibrosis of the bone mariow He felt that the 
patient had had two diseases, myeloid leukemia and osteosclerosis Since 1879 
there have been approximately 75 cases of this disease repoited, the diagnosis 
having been made mainly post moitem Most of these cases have been reviewed 
and discussed by Mozer, 0 Chapman, 10 Vaughan 11 and Caipenter and Flory 12 
Generalized fibrosis of the bone marrow and hyperplasia of the endosteum are 
the predominating pathologic features of this disease The fibrosis may involve 
only the marrow cavity, oi it may invade the endosteum, the coitex and even the 

5 Wilkie, J Fluorine Osteosclerosis, Brit J Radiol 13 213, 1940 

6 Hersker, H , and Stein, J J Osteopetrosis Associated with Hodgkin’s Disease, Am J 
Roentgenol 43 74, 1940 

7 (a) Kretzmar, J H , and Roberts, R A Case of Albers-Schonberg’s Disease, Brit 
M J 1 837, 1936 McPeak 311 ( b ) Wortis, H Osteopetrosis (Marble Bones), Am J Dis 
Child 52 1148 (Nov ) 1936 

8 Hueck, G Zwei Falle von Leukamie mit eigenthumlichen Blut resp Knochenmarks- 
befund, Virchows Arch f path Anat 78 475, 1879 

9 Mozer, J J Les osteoscleroses diffuses , les anemies osteosclerotiques, Thesis, Geneva, 
no 1213, Geneva, Payot & Cie, 1927 , Rev med de la Suisse Rom 47 802, 1927 

10 Chapman, E M Osteosclerotic Anemia, Am J M Sc 185 171, 1933 

11 Vaughan, J Leuco-Ei ythroblastic Anemia, J Path & Bact 42 541, 1936 

12 Carpenter, G , and Flory, C M Chronic Non-Leukemic Myelosis Report of a Case 
with Megakaryocytic Myeloid Splenomegaly, Leukoerythroblastic Anemia, Generalized Osteo- 
sclerosis and Myelofibrosis, Arch Int Med 67 489 (March) 1941 
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The blood count was red cells 2,430,000, white cells 16,250, and platelets 80,000 The 
differential count was nonsegmented neutrophils 15 per cent, segmented neutrophils 24 per cent, 
neutrophilic myelocytes 6 per cent, myeloblasts 6 per cent, basophils 1 per cent, lymphocytes 
44 per cent, monocytes 4 per cent, erythroblasts 11 per hundred white cells, normoblasts 8 per 
hundred white cells and reticulocytes 10 per cent There was 44 per cent hemoglobin The 
results of the urinalysis and the Takata-Ara and Wassermann tests were negative Chemical 
examination of the blood revealed phosphorus 6 mg, calcium 112 mg and sugar 80 mg 
per hundred cubic centimeters, phosphatase 12 6 King-Armstrong units, c erum albumin 4 4 per 
cent, and globulin 2 7 per cent On roentgenographic examination al 1 of the bones showed 
the typical diffuse and severe density Roentgenograms of the lone bones (fig 1) had no 
shadows representing medullary cavities, but transverse striations a id old fracture sites wei e 
present 

Sternal Pmctiue — A sternal puncture was attempted, but because of the inability to penetrate 
the outer plate of the sternum with the aspiration needle a tentative diagnosis of osteopetrosis 
was made The diagnosis was confirmed later by roentgenograms of the osseous system 

Com sc — The child transitorily improved after transfusions, but in general the clinical 
course was unsatisfactory 

2 MYELOFIBROSIS (MYELOSCLEROSIS, LEUKOERYTHROBLASTIC ANEMIA, 

OSTEOSCLEROTIC ANEMIA) 

* MYELOFIBROSIS WITH REFRACTORY ANEMIA WITHOUT ROENTGENOGRAPHIC CHANGES 

OF OSSEOUS SYSTEM 

Case 2 — Histoiy — I C, a white girl aged 4 months, was admitted to the hospital service 
of Dr Schick, on Jan 3, 1926 A history of a normal delivery was obtained The child 
appeared normal at birth and was breast fed for two months A supplement of cow’s milk 
was given during the following two months The patient gained weight until two weeks 
previous to admission At that time she began to lose her appetite and became weak, inactive, 
pale and constipated An irregular elevation of temperature was noted There were no 
hemorrhagic tendencies 

Physical Examination — The patient was moderately well nourished, with marked pallor 
The spleen and the liver were barely palpable Many small shotty cervical lymph nodes could 
be palpated The reactions to Wassermann and tuberculin tests were negative and the results 
of urinalyses normal Roentgenograms of the thorax and of the long bones were normal The 
value for hemoglobin was 20 per cent, for red blood cells 1,120,000, for white blood cells 
10,000 and for platelets 150,000 The differential count was polymorphonuclear neutrophils 
40 per cent, neutrophilic myelocytes 3 per cent, myeloblasts 1 per cent, lymphocytes 53 per cent, 
monocytes 3 per cent, megaloblasts 1 per hundred white cells, normoblasts 2 per hundred white 
cells and reticulocytes 4 per cent 

Biopsy — The marrow of the right tibia was markedly fibrotic and was infiltrated with 
lymphoid cells 

Com sc — Four transfusions failed to increase the hemoglobin level, and the child died 
thirty days after admission Permission for autopsy could not be obtained 

Case 3 18 — Histoiy — E G, a white girl 4 months of age, was admitted to the Beth Israel 
Hospital, 18 Newark, N J , on Nov 11, 1933 with a history of pallor, anorexia and vomiting 
of one month’s duration The patient was a full term child, normally delivered, having a birth 
weight of 7 pounds and 13 ounces (3,534 Gm ) She took nourishment well and gained weight 
for the first three months The onset of symptoms was gradual, without the accompaniment of 
fever or hemorrhage 

Examination — The patient was well developed but pale and lay listlessly in bed The spleen 
and the liver were barely palpable Roentgen examination of the chest revealed an ovoid heart, 
suggestive of a cardiac anomaly The skeletal system had no abnormalities roentgenologically 

The blood count showed red cells 1,050,000, white cells 7,100 and platelets 240,000, with 
a differential count of polymorphonuclear neutrophils 5 per cent, metamyeloc> tes 1 per cent, 
lymphocytes 86 per cent and monocytes 8 per cent There was 16 per cent hemoglobin 
The result of a fragility test of red blood cells was normal The bleeding time and the coagula- 
tion time were within normal limits 

18 Dr Rosenberg of the pediatric service of Beth Israel Hospital gave permission to 
publish this case 
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A With 1 ef ractory anemia without loentgenogiaphic changes of the osseous 
system 

B With associated mjelemia 

(a) Leukopenia 01 normal white blood cell le\els without roentgcnogiaphic 
changes of the osseous system 

(b) Leukopenia 01 noimal white blood cell le\els with 1 oentgenograplnc 
changes 

(c) Leukocythenna without loentgenogiaphic changes 

(d) Leukocythenna with 1 oentgenograplnc changes 



Fig 1 (case 1) — Osteopetrosis, diffuse density of the bones 

C With associated “spent” polycythemia 

(a) Without roentgenographic changes of the osseous system 

( b ) With roentgenographic changes of the osseous system 

A summary of the observations m the cases of myelofibrosis aie presented m 
the accompanying table 

1 OSTEOPETROSIS (ALBERS SCHONBERG, OR MARBLE BONE DISEASE) 

Case 1 — History and Examination — B K, an 18 month old boy, was observed in the 
consultation service on Dec 2, 1937 There was a history of retarded physical and menta 
development, a progressive enlargement of the spleen and Iner and an associated progressive 
pallor The patient was a thin, pale, inactive child with a prominent abdomen The edge o 
the lner was felt 6 cm below the right costal margin and the edge of the spleen 3 cm be ow 
the left costal margin 
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Biopsy — The tibial bone marrow was markedly hypoplastic, with only a few scattered foci 
of erythroblasts and myeloblasts present Fibrosis was extensive and was associated with an 
excess of bony trabeculae (fig 2) 

Course — With frequent transfusions and with iron and liver therapy the hemoglobin level 
rose to 80 per cent The total white cell count and differential count did not change, 
90 per cent of the white cells were lymphocytes Within three weeks the temperature 
became elevated in association with bloody stools and jaundice There was some evidence 
of pulmonary edema, and the child died on December 26 The final blood count was red blood 
cells 3,500,000 and white blood cells 1,900, with lymphocytes 86 per cent and monocytes 14 per 
cent, the hemoglobin amounted to 49 per cent Permission for an autopsy could not be obtained 



Case 4 — History — S K, a white girl aged 10 years, was admitted to the hospital on 
Nov 24, 1929 The past history was irrelevant The present illness started four weeks before 
admission, with anorexia, pallor and loss of weight Two weeks later fever and tarlike stools 
appeared On admission the patient had these complaints with the addition of sore throat and 
puffiness of the tissues about the knees and ankles 

Physical Examination— The patient was a well developed girl with pronounced pallor, 
fundal hemorrhages, edema of the ankles and palpable enlargement of the spleen, liver and 
peripheral lymph nodes The results of clinical examination of the blood and examination of 
the stool and urine were normal, cultures of material from the throat were negative The 
roentgenograms of the long bones revealed no abnormalities The hemoglobin content was 
12 per cent, the red blood cells numbered 1,090,000 and the white blood cells 1,900, with 
platelets 12,000, segmented polymorphonuclear leukocytes 3 per cent, lymphocytes 96 per cent 
and monocytes 1 per cent A clinical diagnosis of subleukemic lymphatic leukemia was 
suggested 
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Autopsy — The essential microscopic observations were coronary sclerosis, fatty and mj eloid 
infiltration of the liver, myeloblastic infiltration of the splenic sinuses and vascular degenera- 
tion of the kidneys Most of the bone mariow was replaced by bony trabeculae and fibrous 
tissue, and there were few foci of myelocytes or myeloblasts 

Case 7 — Histoi y — P G , a white man 59 years old, was admitted to the hospital on 
June 28, 1926 In 1919 he had been informed by his family physician that he had an enlarged 
spleen Six months before admission he noted increasing generalized weakness, an increasing 
deep-seated pain in the lower part of the back and a tumor m the left upper quadrant ot 
the abdoman His friends noted that his complexion had become yellowish 

Physical Examination — The patient was well nourished, icteric and afebrile The h\er 
was firm and extended 4 fingerbreadths below the costal margin and the spleen 6 cm below 
the left costal margin The peripheral nodes were enlarged The urme was normal except 
for large quantities of urobilin The result of a bromsulphalem test was normal Examination 
of the blood showed urea 26 mg and uric acid 6 2 mg per hundred cubic centimeters , hemo- 
globin 75 per cent, red cells 4,224,000, white cells 7,600 and platelets 210,000, with neutrophils 
55 per cent, neutrophilic myelocytes 3 per cent, myeloblasts 3 per cent, eosinophils 4 per cent, 
basophils 5 per cent, lymphocytes 27 per cent, monocytes 3 per cent and megaloblasts 2 per 
hundred wdnte cells A diagnosis was made of leukopenic myeloid leukemia with hepatic and 
renal infiltrations 

Biopsy — The sternal marrow was diffusely fibrotic A few islands of myeloid cells were 
present 

Couise — The patient attended the hematologic outpatient department regularly for two 
years after his discharge He showed little change except that on April 25, 1928 the basal 
metabolic rate was — 17 per cent He was given thyroid, and on his second admission, 
one year later, on April 8, 1929, the basal metabolic rate was + 20 per cent At this time 
he complained of progressive weakness and dyspnea The spleen filled two thirds of the 
abdomen The hemoglobin content was 47 per cent, the red blood cells numbered 2,380,000, 
the white blood cells 5,800 and the platelets 180,000, with neutrophils 54 per cent, neutrophilic 
myelocytes 3 per cent, neutrophilic eosinophils 2 per cent, neutrophilic basophils 1 per cent, 
myeloblasts 2 per cent, eosinophils 4 per cent, basophils 5 per cent, lymphocytes 25 per cent and 
monocytes 4 per cent Roentgen examinations of the ribs and bones of the upper extremities 
gave normal results The patient was discharged from the hospital unimproved He had a 
gradual down-hill course and died in 1936, seventeen years after the onset of his disordei 
Permission for an autopsy was not obtained 

Case 8 — Histoi y — H C , a white man aged 55, complained of marked precordial pain and 
dyspnea He was first seen on Feb 27, 1939 He had been known to have syphilis and had 
received many courses of antisyphilitic treatment After the last course he complained of 
the aforementioned symptoms 

Physical Examination — The patient was well developed, well nourished, pale and dyspneic 
The spleen extended 2 fingerbreadths below the left costal margin The liver was not 
palpable There was no lymphoadenopathy Petechiae were present in the skm and mucous 
membranes The hemoglobin content of the blood was 30 per cent The red blood cells 
numbered 2,050,000, the white blood cells 2,900 and the platelets 40,000, with polymorphonuclear 
leukocytes 65 per cent, myelocytes 4 per cent, myeloblasts 3 per cent, eosinophils 1 per cent, 
lymphocytes 23 per cent, monocytes 4 per cent, normoblasts 3 per hundred white blood cells 
and reticulocytes 2 per cent The icterus index was 2 The Kahn reaction was 4 plus 
Coagulation time was ten minutes Roentgen examination of the osseous sjstem shoved 
nothing abnormal 

Biopsy — The sternal marrow was markedly fibrotic 

Cow sc — The patient was at first thought to have aplastic anemia following neoarsphen- 
amine therapy The examination of the biopsy specimen showed that such a diagnosis was 
not correct Transfusions were given and were followed by temporary improvement 1 he 
patient died eleven months after the onset of the symptoms An autopsy was not permitted 

Case 9 Histoi y — J H , a white man aged 52, was admitted to the hospital on April 

28, 1933 with a history of weakness and a chronic hacking cough From then until 1941 
the weakness became progressively worse and pallor was more noticeable 

Physical Examination — The patient was well developed and pale A firm, nontender spleen 
extended 3 fingerbreadths below the left costal margin Neither the Iner nor the pcnpheia’ 
lymph nodes were palpably enlarged There were no petechiae present The hemoglobin 
content of the blood was 78 per cent Examination of the blood showed red cells 4,120,000 
white cells 7,200 and platelets 450,000, with polymorphonuclear leukocUes 65 per cent imelo- 
blasts 6 per cent, myelocytes 7 per cent, eosinophils 2 per cent, basophils 3 per cent, h mphoc\ tes 
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Biopsy — The tibial bone marrow was moderately fibrotic Some foci of undiffci entiatcd 
mononuclear cells were present 

Com sc — Two transfusions (250 cc each) were gnen, and the mucous membrane ot the 
pharynx, which had started to undergo ulceration, improied markedly Four more trans- 
fusions were given but the blood levels did not rise, and the patient died December 30 An 
autopsy was not permitted 

B MYEI OriBROSIS WITH ASSOCIATED M\ LLEMIA 

(a) Leukopcma ot Noimal White Blood Cell Levels Without Rocnigenogi aplnc Change j 
of the Osseous System 

Case 5 — Histoiy — D S, a white girl 16 months old, entered the hospital on Juh 11, 1922 
The child was normal at birth and remained well until she reached the age ot 7 weeks At 
that time chronic bronchopneumonia de\ eloped Recover} was slow She had acute gastro- 
enteritis when 3 months old She vomited dailv, and the \omitmg was associated with anorexia 
and loss of weight Four days before admission the temperature became elected, with enlarge- 
ment of the peripheral nodes 

Physical Examination — The patient w'as emaciated and had puff\ eyelids There w'erc 
petechiae on the hard palate Both the spleen and the h\er extended 3j4 fingerbreadths below' 
the costal margin All of the peripheral ljmph nodes were enlarged I he results ot mam 
chemical analyses of the blood and examinations of the stool and urine were normal The 
hemoglobin content was 22 per cent, the led blood cells numbered 1,500,000 and the white 
blood cells 1,700, with neutrophils 13 per cent, neutrophilic m\eloc>tes 6 per cent, ljmphocites 
77 per cent and monocytes 4 per cent The reaction to a tourniquet test was positne, and 
the bleeding time was six minutes The results of roentgen examinations of the chest and 
upper extremities were normal 

Com sc — Transfusions were given without avail Death occurred on August 1 

Autopsy — The markedly enlarged luer, spleen and l\mph nodes all had a homogeneous 
appearance on cut section Microscopically these organs w'ere diffusely infiltrated with mreloid 
cells and nucleated red cells The bone marrow was largely replaced bj fibrous tissue 

Case 6 — History — M D , a white woman 53 vears old, w r as admitted to the hospital on 
May 5, 1920 She had had an oophorcctomj in 1914 but otherwise had been in good health 
until six weeks previous to admission, when a constant severe localized pain dm eloped in 

the upper left quadrant of the abdomen It was not affected by eating and wms not accompanied 

by nausea or vomiting She complained, how'ever, of weakness and anorexia 

Physical Examination — The patient w'as a well developed, undernourished woman w’lth 
moderate pallor The spleen was tender and extended 2 cm below the left costal margin, 

the liver extended 3 cm below the right costal margin A few small inguinal glands w'erc 

palpable The Wassermann reaction was negative There w'as no free h\ drochloric acid 
in the stomach contents , the total aciditj amounted to 16 The blood urea w'as 17 mg and the 
cholesterol 522 mg per hundred cubic centimeters The basal metabolic rate was normal 
The results of roentgen examination of the gastrointestinal system, osseous si stem and genito- 
urinary tracts were normal The hemoglobin content of the blood was 72 per cent, the red 
blood cells numbered 4,170,000, the white blood cells 9,800 and the platelets 250,000, with a 
differential count of neutrophils 68 per cent, neutrophilic myelocytes 13 per cent, mjeloblasts 
5 per cent, eosinophils 1 per cent, lymphocytes 10 per cent and monocytes 2 per cent A. diagnosis 
of leukopenic myeloid leukemia was made 

Com se — The patient was discharged and referred to the hematologv clinic, which she 
attended regularly for eight years Roentgen therapy and solution of potassium arsenite US? 
were occasionally given during that period The blood count did not change until January 
1927 (seven years after the first admission) , when there was an increase in the total white 
cell count to 17,600 A year and a half later, June 1928, the white cell count rose to 22,000 
The spleen and liver gradually increased in size Dyspnea occurred on exertion Because of 
these gradual changes and the loss of general strength, the patient was readmitted on August 28 
Bronchopneumonia in the lower lobes of both lungs w'as discovered The results of roentgen 
examination of the ribs and bones of the upper and lower extremities w'ere normal The 
spleen extended to the iliac crest, and the liver extended to the level of the umbilicus The 
blood count was red cells 2,850,000, white cells 124,000 and platelets 100,000, with neutrophils 
80 per cent, neutrophilic myelocytes 10 per cent, myeloblasts 3 per cent, eosinophils 3 per cent, 
h mphocytes 2 per cent, monocytes 2 per cent and normoblasts 24 per hundred white cells 
There was 57 per cent hemoglobin After a transfusion the patient improved Three W'eeks 
later cardiac decompensation developed suddenly, and the patient died on September 18 
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Case 10 — Histoi y — S G , a white woman 67 years old, was admitted to the hospital m 
Dec 2, 1934 She had known for sixteen years that she had an enlarged spleen For one 
year previous to admission she complained of gradual progressive weakness, loss of weight 
and increasing pallor Ecchymoses, nosebleeds and lumbar pains increased m number and 
intensity six months before admission 

Physical Examination — The patient was thin and emaciated, with a yellowish pallor The 
spleen extended to the iliac crest It was smooth, firm, nontender and movable The liver 
was firm and extended 8 cm below the right costal margin The Wassermann reaction was nega- 
tive and the icteric index 12 Examination of the blood showed total proteins 6 4 Gm , 
sugar ISO mg, cholesterol 150 mg and cholesterol esters 36 mg per hundred cubic centi- 
meters, hemoglobin 38 per cent, red blood cells 2,260,000, white blood cells 4,400, platelets 
60,000, and a differential count of nonsegmented polymorphonuclear leukocytes 9 per cent, 



segmented polymorphonuclear leukocytes 38 per cent, neutrophilic myelocytes 16 per cent, 
myeloblasts 4 per cent, lymphocytes 30 per cent, monocytes 3 per cent, normoblasts 17 per 
hundred white cells and erythroblasts 4 per hundred white cells As revealed by roent- 
genologic examination, the femurs were widened above the condyles and had irregular, mottled 
transparencies in the medulla at this point The latter characteristic was also observed in 
the upper third of the femurs and the upper halves of the tibias There was a generalized 
osteoporosis of the lumbar vertebrae and pelvic bones 

#* 0 ^ 3 , _Small islands of erythroblasts and myeloblasts scattered throughout an extensive 
fibrosis were found in place of normal sternal bone marrow 

Cow se —The patient was sent to a convalescent hospital after the diagnosis of myelofibrosis 
was made Transfusions were given when necessary She died one year after discharge 

Case 11 —History — W E, a white man aged 53, was admitted to the hospital on Jan 8, 
1935 He had been in good health until five vears previous to admission, when he noted 
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12 per cent, monocytes 3 per cent and normoblasts 2 per hundred white blood cells The 
Wassermann reaction was negative Roentgen examination of the osseous sy stem showed 
nothing abnormal A sternal puncture in June 1939 showed white cells 2-1,000, megakaryo- 
evtes 22, myeloblasts 16 per cent, neutrophilic myelocytes 28 6 per cent, nnelocytic eosinophils 
0 3 per cent, nonsegmented polymorphonucleai leukocytes 14 3 per cent, segmented poly- 
morphonuclear leukocytes 38 pei cent, polymorphonuclear eosinophils 0 3 per cent, polymorpho- 
nuclear basophils 0 3 per cent, hematogones 3 6 per cent, lymphocytes 0 3 per cent, cry throblasts 
16 per cent and normoblasts 11 per cent Because the observations on the marrow were 
unsatisfactory for establishing a diagnosis, a biopsy of the sternum was carried out 



Fig 3 (case 9) Early stage of fibrosis of sternal marrow 


Biopsy In July 1939 the sternal bone marrow was moderately fibrotic Increased num- 
eis of megakaryocytes were present and some foci of active hemopoiesis, especially of the 
erythrocytic series (fig 3) 

. count in June 1940 was as follows hemoglobin 73 per cent, red cells 

,390,000, white cells 10,000 and platelets 200,000, with myelocytic neutrophils 1 5 per cent, 
nonsegmented polymorphonuclear leukocytes 10 per cent, segmented polymorphonuclear leuko- 
cy tes 72 per cent, polymorphonuclear eosinophils 0, polymorphonuclear basophils 0, lymphocytes 
11 5 per cent and monocytes 5 per cent The patient is still under observation at the time 
of writing 

(6) Leukopenia oi Nonnal White Blood Cell Levels with Rocntgenogi aphtc Changes of 
the Osseous System 
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bone*> 1 he blood phosphatase amounted to 11 King-Ai mstiong units and the blood calcium 
and phosphoius to ( M mg and 4 4 mg, i espcclix eh , pci bundled cubic centnnclcis 

Biopsy — \ biopsj ot the stcinum April 1940 lcvcalcd focal fibtosis of the mariow and 
thickening of the bom tiabcculac 

Sph an Ptmctini'i — Splenic punctuies lcicalcd mjeloid metaplasia Smears appealed not 
unlike those obtained on sternal punctuie, showing lmmatuic and matin e cells of the myeloid 
senes, noimobhsts, ci y tin oblasts and a model ate numbci of megakaryocytes 

(r) Lcukocxlhcmia without Rocntqcnogt aplnc Change; 

C\m 14 — Ihstoiv — L R, a white man aged 40, was admitted to the hospital on July 12, 
1019 He had been m good health until Apnl 1915, when enlaigcnient of the spleen developed 
Roentgen theiapv at that time i educed the si/c of the spleen, and the patient felt better 
and i eniamcd impioied until three months befoic admission He complained of dimness of 
nsion, d\spnea, night sweats, “burning” in the cpigasti mm, pain m the left scapular region 
and n aduallv increasing pain m the left upper quadrant of the abdomen 

Physual Examination — The patient was moderately w'cll nourished and pale, with corneal 
opicities The spleen extended 2 fingcrbicadths below the lex cl of the umbilicus The liver 
was not palpable, but the pciiphcral hmpli nodes weic Ihc Wasscrmann reaction wrns nega- 
ti\c The blood urea content was 12 mg pei hundred cubic centimeters Ihc hemoglobin 
content was 31 per cent The icd blood cells numbeted 3,450,000, the white blood cells 
227 000 and the platelets 114,000, with a differential count of neutrophils 37 per cent, neutrophilic 
mvelocvtcs 42 per cent, eosinophils 4 pci cent, basophils 10 per cent, lymphocytes 4 per cent 
and monoevtes 3 per cent On roentgen examination the long bones appeared noimal 

Com so — Because of the previous response to locntgcn theiapv, it wans again tiled with 
«onic success In ten da\s the hemoglobin amounted to 71 pci cent and the led blood cells 
numbered 3,480,000 and the white blood cells 7,200, with neutrophils S2 pei cent, neutiophihc 
mvelocvtcs 5 per cent, lvmphocv tes 9 per cent and monocytes 4 per cent The patient felt 
better and left the hospital He icturned three months later, Dec 1, 1919, with the com- 
plaints of headache, progicssive weakness, xonuling, insomnia, dyspnea, palpitation and tinnitus 
The liver was enlarged, extending 1 fingerbicadth below the right costal margin The spleen 
and the hmpli nodes were enlarged to the size observed on the previous admission The 
hemoglobin content was 14 per cent Ihc red blood cells numbered 1,040,000, the white blood 
cells 6,400 and the platelets 320,000, with neutrophils 66 per cent, neutrophilic myelocytes 
13 per cent, basophilic mvelocvtcs 5 per cent, mjcloblasts 5 per cent, lymphocytes 9 per cent 
and monocjtcs 2 per cent The patient did not improve after roentgen theiapy and tians- 
lusions He died m December 1919 

Autopsy — The essential microscopic obscivations were generalized fibrosis of the spleen 
with areas of mjcloid hyperplasia and crylhropoicsis , passive congestion of the livei with 
brownish pigmentation in the ccntcis of the lobules and generalized fibrosis of the mairows 
oi the femur, libs and sternum 

(d) Lculacythcnua zutih Rocntgcnogi aplnc Changes 

Cash 15 — Iitstotv — A S, a white man aged 53, was admitted to the hospital on Oct 26, 
1933 A rather sudden enlargement of the spleen was responsible foi a mechanical intestinal 
obstruction A splenic artery ligation was the operative procedure considered safest, since 
the patient had been ticatcd for mjeloid leukemia during the preceding four years 

Physical Examination — The patient was well developed but emaciated and pale, with a 
huge abdomen and mailccd edema of the legs The spleen was haul but mobile, it filled 
o\cr two thirds of the abdomen Ihc livei extended 4 fingci breadths below the right costal 
margin Generalized lymphadcnopathy existed Examination of the blood showed urea 33 
mg and uric acid 3 5 mg pci liundi cd cubic ccnlimclci s, hemoglobin 53 pei cent, red cells 
3,100,000, white cells 23,000, platelets 310,000 and a diffeiential count of nonsegmented poly- 
morphonuclear leukocytes 40 pci cent, segmented polymoiphonuclcar leukocytes 33 pei cent, 
neutrophilic myelocytes 13 pei cent, myeloblasts 5 pei cent, eosinophils 2 pei cent, lymphocytes 
7 pci cent and normoblasts 3 pci bundled white blood cells Figure 5 lllustiates the giant 
platelets found in the peupheial blood 

Com vc — Aftci a Drossclung opciation (a facial constriction of the splenic aiteiy) the 
blood count changed little, except that the platelets lose to 1,200,000 The postoperative course 
was uneventful The patient was discharged on Novcmbci 30 Within two weeks the spleen 
dcci cased in size sufficiently to iclicvc the obsti uction However, within six months it began 
to enlarge again The enlargement this time obstructed the return flow of blood fiom the 
lower exliemitics The lcsulting edema of the legs, with gradual progressive generalized 
weakness plus dyspnea, bi ought the patient to the hospital to seek relief, on Nov 22, 1934 
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weakness, bone pain, especialh m the lumbar legion and thighs, generalized edema and 
“heaviness” of the lower extienutics These symptoms gradually increased in severity Four 
weeks before the patient’s admission pains developed in the right and left upper quadrants of 
the abdomen, associated with a severe chronic backache 

Physical Examination — ' The patient was well developed and pale with slight edema of the 
face The spleen extended 3 fingerbreadths below the costal margin The liver was not 
palpable The value for blood proteins was 7 Gm, for blood urea 11 mg, for blood calcium 
10 9 mg and for blood phosphorus 3 8 mg , per hundred cubic centimeters, and that for blood 
phosphatase was 3 5 Bodansky units The hemoglobin content was 52 per cent The red 
blood cells numbered 3,860,000, the white blood cells 4,000 and the platelets 80,000, with non- 
segmented poly'morphonuclear leukocytes 13 per cent, segmented poly morphonuclear leukocv tes 
41 per cent, neutrophilic my r elocytes 5 per cent, mveloblasts 1 per cent, eosinophils 1 per cent, 
basophils 2 per cent, lymphocytes 35 per cent, monocytes 2 per cent, normoblasts 2 per 
hundred white blood cells and reticulocytes 5 per cent The cortices of the femurs were split 
laterally and ventrallyq while the lemainder of the osseous svstem was normal roentgeno- 
graphically 

Biopsy — During the sternal marrow puncture, a gritty sensation was perceived when the 
needle entered the marrow cavity, and no marrow could be withdrawn The sternal biopsy 
revealed a diffuse fibrosis in the sternal marrow (fig 4) 

Com sc — Transfusions were given monthly for over six years, and the patient died eleven 
years after the first symptoms appeared 

Case 12 — Histoiv — N G, a white man aged 25, a physician, was admitted to the hos- 
pital on June 16, 1936 complaining of fatigue, weakness, pallor, edema of the ankles and 
pains in the long bones The nonradiating pains were both dull and sharp The fatigue 
and weakness had been complaints of the patient for a year, while the pains in the long 
bones were of four months’ duration 

Physical Examination — The patient was well developed and apparently chronically ill 
A soft blowing systolic henne murmur was heard over the entile precordium No enlargement ot 
the liver or of the lymph nodes was discernible on palpation A firm spleen extended 1 finger- 
breadth below the costal margin On admission the blood count was red cells 3,750,000, 
white cells 8,800 and platelets 180,000 The differential count was nonsegmented polymorpho- 
nuclear leukocytes 5 per cent, segmented polymorphonuclear leukocytes 56 per cent, neutrophilic 
myelocytes 8 per cent, myeloblasts 7 per cent, basophils 5 per cent, basophilic myelocvtes 
2 per cent, lymphocytes 11 per cent and monocytes 6 per cent, with normoblasts 1 and 
megaloblasts 1 per hundred white cells The hemoglobin content was 56 per cent Areas 
of rarefaction scattered throughout all the bones except those of the feet and hands were 
noted on the roentgenograms 

Biopsy — There was marked fibrosis of the sternal marrow 

Coiuse — The patient had a chronic elevation of the temperature to between 99 and 100 F 
Roentgen therapy was effective in reducing the size of the spleen very slightly Transfusions 
and the administration of solution of potassium arsenite U S P and iron were ineffective in 
raising the hemoglobin level The white cells varied little m number or quality The patient’s 
downward clinical course was similar to that of most leukemic patients An autopsv was not 
permitted 

Case 13 — Histoiy — M B , a S3 y r ear old housewife, first noted an enlargement of the 
spleen in 1930 In 1936 she complained of weakness, nausea and vomiting 

Physical Examination — The patient was well developed, poorly nourished and pale The 
inferior margin of the spleen was within 4 cm of the iliac crest In 1936 the blood count 
was red cells 3,670,000, white cells 5,000 and platelets 160,000, with nonsegmented poly- 
morphonuclear leukocytes 24 per cent, segmented polymorphonuclear leukocytes 33 per cent, 
neutrophilic myelocytes 5 per cent, myeloblasts 1 per cent, basophils 1 per cent, lymphocytes 
33 per cent, monocytes 3 per cent and normoblasts 1 per hundred white blood cells The 
hemoglobin content was 58 per cent 

Sternal Punctme — Several sternal punctures were made, and few cells were obtained 
A tentative diagnosis of myelofibrosis was made 

Course — In 1937 the patient received injections for varicose veins, following which ulcers 
of the skin developed The ulcers failed to heal until 1940 In 1940 the patient was much 
paler, the spleen extended into the pelvis and the liver extended 6 cm below the costal margin 
The blood findings were almost identical with those of 1936 Roentgenograms of the entire 
skeleton revealed disorganization of the trabecular structure, with irregular sclerosis of manv 
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homione. Nunietous areas of mottling, condensation and ratefaction were noted m the roent- 
genograms taken of the skull, jaw, \citcbrac, humerus (fig 6) and bones of the hands 

Bwp*v — The sternum had an inci cased number of bony trabeculae The normal contents 
of the mariow wcic replaced b> fibrous tissue m which there were many megakaryocytes 
(fig 7) Biopsi ot a hmph node iciealed chronic lymphadenitis with fibrosis 

Splenic PuncUne — \ smear of the aspirated material showed the presence of myeloid 
metaplasia with mimcious imcloblasts, myelocytes and megakaryocytes 



Fig 6 (case 16) —Numerous areas of mottling and rarefaction 


Treatment Pfeiffer and Gardner 19 were able to inhibit experimentally produced myelo- 

fibrosis of rats by the administration of testosterone propionate For this reason testosterone 

19 Pfeiffer C A , and Gardner, W U Skeletal Changes and Blood Serum Calcium 
Levels in Pigeons Receiving Estrogens, Endocrinology 23 485, 19o8 Gardner, W U , and 
Pfeiffer C A Skeletal Changes in Mice Receiving Estrogens, Proc Soc Exper Biol & 
Med 37 678, 1938, Inhibition of Estrogenic Effects on Skeleton by Testosterone Injections, 
ibid 38 599,' 1938 ’ 
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The spleen again filled two thirds of the abdomen Roentgen therapy was ineffective in 
reducing the size of the spleen The blood count was similar to that on the first admission 
except that megakaryocytic fragments were frequently found m the peripheral blood, 1 per 
twenty white blood cells On roentgen examination of the skeletal system a mottling of the 
vertebrae, ribs, scapulas, clavicles, humeri and iliac bones was noted Marked ascites devel- 
oped, and the patient died on December 25 

Autopsy — A partial autopsy was permitted The bone marrow of the right humerus was 
diffusely fibrotic, and scattered throughout were islands of megakaryocj tes The spleen and 
liver showed the characteristic changes of megakarj ocy tic hepatosplenomcgaly 

Case 16 — Histoi v — P P, a white man aged 47, was admitted on Sept 14, 1939 com- 
plaining of increasing swelling of the abdomen and generalized abdominal pain of five vears 



duration Sexual desire had been absent during this period Two months before admission 
abdominal distress after meals became severe and dyspnea was marked 

Physical Examination — The patient was cachectic and had a sallow skin, little hair on 
any portion of the body and a prominent abdomen The spleen extended to the iliac crest and 
the liver to the umbilicus The hemoglobin content was 58 per cent The red blood cells 
numbered 4,080,000, the white blood cells 9,250 and the platelets 150,000, and the differential 
count showed polymorphonuclear leukocytes 28 per cent, myelocytes 9 per cent, myeloblasts 
9 per cent, eosinophils 4 per cent, lymphocytes 36 per cent and monocytes 14 per cent There 
were 3 normoblasts per hundred white blood cells, 1 5 per cent reticulocytes and many elliptic 
and elongated red cells Chemical examination of the blood showed uric acid 6 2 mg , 
cholesterol 140 mg and calcium 8 3 mg per hundred cubic centimeters The Wassermann 
reaction was negative The serum albumin amounted to 5 2 Gm and the globulin to 1 6 Gm 
per hundred cubic centimeters The urine contained no increased excretion of male sex 
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Physical Examination — The patient was weak and pale, with a flabby mtisculatme, but 
wn* lairlx well dex eloped and w6jl nounshed Tlie spleen extended 3 fingei breadths below 
the costal inaigin The Inet xxas/just palpable The basal metabolic late was — 17 per cent 
The blood urea amounted mg, the blood cholesterol to 310 mg and the cholesterol 

csteis to 135 mg pci hummed cubic centimeters The icterus index was 11 Nearly all of 
the humors sccietions orifices were examined bacteriological!} , without informative results 
The hemoglobin" 69 pci cent The red blood cells numbered 3,500,000, the white blood 
cells 10,400 and the platelets 90,000 The differential count shoxved nonsegmented poly- 
morphonuclear leukoex tes 10 per cent, segmented polxmorphonuclcar leukocytes 50 per cent, 
neutrophilic mxelocxtcs 1 per cent, myeloblasts 5 per cent, eosinophils 2 per cent, basophils 
1 per cent lxmphocxtes 29 per cent, monoextes 2 per cent and noimoblasts 2 per hundred 
white cells There wcic marked amsocxtosis and poikilocy tosis of the red cells, and many 
elliptic cells were found in the smears Examinations of stools for parasites gaxe negative 
results All rnentcen cxanmi itions of the osseous system showed nothing abnormal 

Sternal Puiniwc and Biopsy — \ gritt\, crunchy sensation was noted when the aspiration 
needle entered the mariow ca\it\ No marrow fluid could be withdiawn The sternal mairoxv 
remo\ed lor biops\ was diffusely fibrolic 

Co,n sc — The patient was discharged with the continuance of the unexplained chills and 
lexer It xxas decided that the anemia was a result of a “burnt-out” polycythemic process 
The patient attended the hematologic outpatient clinic for injections of liver m an attempt 
to iaise the hemoglobin lex cl After one of these injections a gluteal abscess developed 
Later a chronic sloughing ulcer appeared at the site of the abscess, and a specimen for biopsy 
remoxed irom the margin showed that the tissue xvas infiltrated with leukemic cells The 
patient died six months after admission to the outpatient department 

lutopsy — Sarcomatous tissue replaced not only the fibrous tissue of the sternal marroxv 
caxity but the marrow oi all the bones A diagnosis of myelosarcomatosis was made 

( b ) If dh Roentrjcnogt opine Changes of the Osseous System 

0\sr IS — Ihstay — T W , a white man aged 56, was admitted to the hospital on Feb 4, 
1931 A diagnosis of poly cx themia had been made thirteen years previously because the hemo- 
globin lex cl xxas 130 per cent and the red blood cell count xvas 9,500,000 The complaints 
at that time were headache, xerligo, abdominal enlargement and a thrombosis of the right 
middle toe which had become painfully gangrenous Because of progressive enlargement of 
the spleen, lumbar pain and bloody urine, the patient xvas readmitted 

Physical Examination — The patient xvas small, thm and sharp featured, xvith a huge 
abdomen and small purpuric lesions oxer the lower extremities General arteriosclerosis and 
ascites were present The spleen extended into the iliac fossa, and the liver extended 2*4 
inches (6 3 cm ) below the costal margin The peripheral lymph nodes xvere palpable The 
basal metabolic rate w as + 34 per cent The icteric index was 14 Examination of the blood 
showed urea 22 mg, cholesterol 110 mg, sugar 115 mg, calcium 11 mg and phosphoius 
3 7 mg per hundred cubic centimeters, hemoglobin 56 per cent, red cells 3,400,000, white 
cells 8,100 and platelets 300,000, neutrophils 59 per cent, neutrophilic myelocxtes 5 per cent, 
myeloblasts 8 per cent, basophils 5 per cent, lyunphocytes 15 per cent, monocytes 8 per cent and 
normoblasts 6 per hundred white blood cells Roentgenograplucallv, the skull, the left femur, 
head of the right femur and the pelxoc bones had a mottled appearance throughout In a 
tew areas there were erosions of the cortex of these bones 

Biopsy — The sternal marroxv xvas diffusely fibrotic A photomicrograph of this patient 
has been published 20 

Cow sc — The blood in the urine xvas due to an accumulation of uric acid crystals m the 
ureters, and the symptoms disappeared after ureteral washings The patient xx^as dischaiged 
feeling considerably better After a txx'o y'ear doxxmhill course, xvith gradually' increasing 
anemia, he died suddenly Permission for an autopsy could not be obtained 

COMMENT 

Both osteopetiosis and myelofibrosis are uncommon dtsoidets of unknown 
causation m xx hich an abnormality within the osseous system, by one means ot 
another, alteis or displaces the contained hemopoietic tissue In the foimei, the 
mairoxv cavity is often obhteiated by an overgrowth of abnormal bone, xvhile in the 

20 Rosenthal N Aplastic Anemia and Osteosclerosis, in Downey, H Handbook of 
Hematology, New York, Paul B Hoeber, Inc , 1937, vol 3, sect 29, pp 2201-2230 
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propionate was administered to this patient, who apparently responded fa\orabl> for torn 
months Then there was a rapid decline, clinically , and the patient died on June 6 1940, before 
a satisfactory amount of the androgen had been administered 

C MYELOFIBROSIS WITH ASSOCIATED "SPENT” POI ) C\ HI r\l I \ 

(a) Without Roentgcnogi aplnc Changes of the Osseous S\stim 

Case 17 — Histoiy — M W a white woman aged 47, was admitted to the hospital on 
July 10, 1935 This patient had a most interesting past histon When a small girl she was 



Fig 7 (case 16) Sternal marrow showing fibrosis, thickening of the trabeculae and 
numerous megakaryocytes 

listless, florid and always tired When 20 years old she had vertigo, headaches and diffuse 
bod) aches associated with splenomegaly and an 11,000,000 red blood cell count Her famil) 
physician made the diagnosis of polycythemia (1909) For thirteen years the patient was 
treated with benzene and roentgen therapy, which controlled her symptoms For the next 
ten years she complained constantly of fatigue The red blood cell count remained within 
high normal limits until 1935 Three years before the patient’s admission (1935) daily chills 
and fever de\ eloped, the origin of which could not be determined The patient was admitted 
because of these unexplained episodes of three years’ duration and for determination of the 
cause of the gradual drop in hemoglobin which accompanied them This case was reported 
b) Rosenthal and Bassen 17c 
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to obtain inanow on aspnation in the piesence of a leukemic blood picture, should 
lead one to suspect a fibiotic change in the inanow This finding led to the 
diagnosis of imelotibiosis m a case lepoited by Mavios m 1931 The peiformance 
of sternal punctilio as a loutinc measuie m all cases of anemia (leukoeiythioblastic 
01 otheiwise) splenomegaly and leukemia has been lesponsible foi the moie fie- 
qucnt detection of nnclofibiosis (Vogel, Eif and Rosenthal 21 ) 

3 Sia nal Biopsy — Sternal punctilio is the fiist step in identification, but 
biopsy of the sternal bone and man on is impoitant foi conclusive evidence of the 
undcihing imelofibiosis Ot the 17 cases lepoited in this communication, the 
diagnosis of lmcloiibrosis w as made in 13 dunng life and in 4 at autopsy Like- 
wise, diagnosis of the condition was made dunng life by the following mvestigatoi s 
Chapman 3(1 in 2 cases, Fan bank " h m 1 case, Stephens and Biedeck 27 m 2 cases 
and Thompson and 111) ne in 5 cases 


-/ Splenic Punchnc — Splenic punctuie has been suggested by Iinscbfeld 17b 
and Weil *" as a means of i dealing the imeloid metaplasia which is usually found 
in imelofibiosis Ibis was pci formed in 3 lecent cases and revealed the piesence 
of numcious immatuie cells of both the myeloid and the eiytlnoblastic series 
Mcgakai ) oc\ tes weie piesent to a vatying degiee In some 27 leported cases 
renewed b\ Hicklmg,- S splenectomv was pcifoimed without any impiovement m 
the general condition In some instances numcious megakai ) 7 ocytes w 7 ere found 
in the spleen, leading to the idea of megakaryocytic leukemia In some of these 
cases the disease ma\ possible have been associated wnth maiked hypeiplasia of 
the bone mauow — panmyelosis (Hickling Jb ) In olhei instances, however, this 
megakai \oc\ tic splenomegaly was associated noth fibiosis of vanous degiees of 
the mauow as in the cases of Sclnvai7,- n Donhausei,'' 0 Hew r ei. sl Doivney and 
Nordland 2 " 1 and Caipcntci and Floiy 12 Foi this leason it might be considered 
that the pictuic m some of these cases confoims to the changes obseived in osteo- 
scleiotic anemia and that the mcicasc of megakai yocytes in the spleen is a sign of 
actne hemopoiesis oi m)eloid metaplasia 

5 Lymph Node Punchnc — This was pcifoimed in 1 case and levealed a 
myeloid metaplasia, few megakaiyoc>tes and erylhi oblasts and many immatuie 
m)eloid cells scatteied among the lymphoid cells A biopsy of the lymph node 
also showed a m)eloid metaplasia 

6 Roentgen Studies — A study of the bones is impoitant foi confiimatoiy 
diagnosis in all cases of osteopeti osis About 50 pei cent of patients with myelo- 
fibrosis show 7 on loentgen examination mottled laiefactions oi lriegulai condensa- 
tions m the cortical poitions of the bones and splintenng oi elevations of the 


24 Vogel, P , Erf, L A , and Rosenthal, N Plemalological Observations on Bone Mai row 
Obtained by Sternal Puncture, Am J Clin Path 7 436 and 498, 1937 

25 Stephens, D J , and Bredcck, J F Aleukemic Myelosis with Osteoscleiosis, Ann 
Int Med G 1087, 1933 

26 Thompson, W P , and Illync, C A Clinical and Hematological Picture Resulting 
from Bone Marrow Replacement, M Clin North America 24 841, 1940 

27 Weil, P E , Isch-Wall, P , and Pcrles, S La ponction de la rate, Pans, Masson 
& Cie, 1936 

28 Hicklmg, R A Chronic Non-Leukemic Myelosis, Quart J Med 6 253, 1937 

29 Schwarz,’ E Em Fall von Leukanne nut Riesenzellemboli und Osteosklerose, Ztschr 
f Heilk 22 294, 1901 

30 Donhauser, T L The Human Spleen as an Hematoplastic Organ, as Exemplified in 
a Case of Splenomegaly with Sclerosis of the Bone Marrow, J Exper Med 10 559, 1908 

31 Hewer T F Megakaryocytic Myelosis with Osteosclerosis, J Path & Bact 45 383, 
1937 
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latter the hemopoietic tissue is leplacecl by vaiious degiecs of fibiosis Ischemia 
of marrow may well be a factor in the development of the hematologic picture m 
each of these diseases, as it has been shown by Huggins and Wiege 21 that destiuc- 
tion of the nutnent vessels of bones may lesult in fibiosis of the mairow Accoid- 
mg to Kistler, 22 such experimental production of fibrosis is difficult at times 

These conditions have been classified by Vaughan 10 under leukoerythroblastic 
anemia This is defined as an anemia not necessarily veiy severe, characterized 
by the piesence of a few immatuie white cells of the myeloid series and immatuie 
red cells in the penpheial blood The lecogmtion of this t)pe of anemia during a 
loutme examination of the blood maj be the first indication of the existence of 
some unusual imohement of the bone manow such as (1) carcinomatosis with 
skeletal metastases , (2) myelomatosis, (3) osteosclerosis, including (a) marble 
bone disease and ( b ) myeloscleiosis, and (4) Cooley’s anemia With these con- 
ditions Vaughan 11 now includes polycythemia \eia A similar anemia was 
observed by us m association with lipomatosis of the bone marrow 

These conditions may then be iccognizcd, in addition to stud) of the blood 
picture, by means of sternal puncture, sternal biopsy, splenic punctilio puncture 
of lymph nodes and loentgenograms of the bones 

1 The Blood Pictxne — The anemia may vaiy fiorn a hypocluonuc to a h)per- 
chromic type The led cells, howevei, show amsocytosis and poikiloc) tosis In 
the anemic, or “spent,” stage of pol>cythemia and occasionally in pnmaiy myelo- 
scleiosis (possibl) asymptonnc polyc}thenna), many elliptic red cells are present 
Normoblasts aie found except in laie cases The blood platelets show' pionounced 
variations They may be either normal oi much i educed in number m the periph- 
eial blood The) also exhibit morphologic vanations which are found almost 
exclusively m myeloscleiosis Some aie particularly laige, staining with a pale 
chromomeie and pale-staining hyalomeie 23 Giant platelets and megakar) octtic 
fragments and megakaiyoblasts aie occasionally found More marked and bizarre 
variations have been found after splenectomy by Dowmey and Nordland 23a Like- 
wise, the white blood cells vaiy in number and type, leukopenia is most often 
found It is not unusual to see a pionounced increase in nonsegmented neutioplnls 
and occasionally a few myelocytes and an occasional myeloblast The myelocytes 
and occasional myeloblasts may be associated with seveie leukocytosis (leukocy- 
themia), as m 4 cases of this series 

2 Sternal Punctwe — This is of pnmaiy impoitance in diagnosis The density 
of the sternal bone may be detected by this means In cases of osteopetrosis the 
bone is stony and the needle will not peneliate through the coitex, this situation 
suggesting the diagnosis immediately, especially if it occuis m an infant The 
sternal bone m cases of “spent” polycythema is also dense and yields little mai- 
row Smears of the marrow leveal only a few cellular elements The sternal 
puncture in most cases of myelofibrosis is disappointing The bone feels gritty on 
puncture and yields little marrow In a few cases m which an appreciable amount 
was aspirated the nucleated cell count w ? as less than that of the penpheral blood 
The differential count on the smears showed a noimal distribution of leukocytic 
and erythroblastic elements The finding of a nonleukemic bone mairow, or failure 

21 Huggins, C , and Wiege, E Effect on Bone Marrow of Disruption of Nutrient 
Artery and Vein, Ann Surg 110 940, 1939 

22 Kistler, G H Sequences of Experimental Infarction of the Femur in Rabbits, 
Arch Surg 29 589 (Oct) 1934 

23 (a) Downey, H, and Nordland, M Mjeloid Megakaryocyttc Hepato-Splenomegalj 

Folia haemat 62 1, 1939 (b) Rosenthal 20 
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is less leuKcmoid It is felt that thcic is a lccipiocal functional i elation between 
the In ei and the spleen on the one hand, and the bone maiiow, on the othei 
Not nialh duimg fetal life the Inci and spleen aie h) pei functioning, while dui mg 
adult hie the bone man on is the fundamental hematogenetic oigan The degen- 
eration oi disappearance of the cells of the bone maiiow m myelofibiosis may be 
due to some uneisnl oi this iccipiocal lclationslup 

Tins situation is foicibh illustiated by the teinunal fibiosis which occuis in 
poh cm hernia The In pei plastic maiiow m tins disease showS a giadual change 
o\ei a span of \enis to one of hypoplasia and geneialized myelofibiosis As these 
de\clop theie is a giadual mcicase m the sue of the livei and, especially, of the 
spleen which osualh occupies duimg the teinunal stage the whole left side and 
part of the tight side of the abdomen -Vs m the pnmaiy type of myelofibrosis, 
there aie seieie anemia and a leukenioid blood pictuie 

\'nughan and Jlamson and Caipcnlei and Floiy 1 - stated the belief that the 
condition is due to a piogiessnc Inpeiphisia oi multipotential mesenchymal tissues 
by an unknown stimulus 

ur 

The neat meat of both osteopcliosis and myelofibiosis has been most unsatis- 
factory Transfusions ha\c pioicd to be of onh tempoiaiy benefit to patients with 
the chronic types of these disoideis Splenectomy is contraindicated and has not 
proied of \alue m the few cases lcpoitcd " Howevci, lecent expei imenlal work 
has bi ought new hopes foi a ticatment ot myelofibiosis Pfeiffer and Gardnei 19 
showed that estiogemc substances administered m laige amounts cause endosteal 
thickening and fibiosis of the maiiow of mice, lats, pigeons and chickens, and they 
have been able to picicnt the cxpcnmcntally produced disease by the admmistia- 
tion of te«tostuone piopionatc Silbeibeig and Silberbeig 1 - noted that estiogemc 
substances adnumsteied to immauuc guinea pigs accelerated the development of 
the mesenchymal leliculum oi bone maiiow tow aid fibiosis, bone foimation and 
megakaryocy tosts Patient 16 was ueated with teslosteione propionate in an 
endeaioi to inhibit a possible abnouna! In pci estiogemc activity Although theie 
was some hematologic and clinical imptox email for a few' months after the admin- 
istration of the glandulai substance the mielofilnotic piocess had piogressed so 
fai as to ptcient ciitical eialuation of the cffkaci of the tieatment 

SIMM \R\ AND CON CM SJONS 

The clinical and laboiatoiv obsen aliens in 1 ease of osteopetiosis and 17 cases 
of myelofibiosis aie discussed 

These conditions may be difieientiated tiom lefractoiy types of anemia, 
splenomegah and leukemia by sternal punctuie and, conclusively, by sternal biopsy 
Suggest! \e locntgcnologic changes ot the bones may be levealed m 33 per cent 
of the cases 

A pi actical classification of osteopetiosis and myelofibiosis is piesented 
51 East Ninetieth Street 


44 Carpenter and Fiory Downey and Nordland 2 ^ Hirsch 1,8 
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pei losteum 32 Von Jaksch 33 m 1901 was the first to demonsliate these changes 
Some authois 31 descubed i oentgenologic changes of the bones in then cases, while 
otheis 35 piesented cases in which roentgen iaj changes of the osseous system were 
not evident Although m some cases the fibiosis extends fiom the endosteum to 
the penosteum, fiactuies laiely occui 

PATHOGENESIS 

The cause of myelofibi osis is unknown Some authors have suggested that 
the fibrosis is an afteimath oi healing piocess of leukemia (Neumann, 30 Stephens 
and Bredeck, 25 Sclnvarz 20 and Lehndorff and Zak 37 ) This is rathei doubtful, 
as the bone manow even m the eaihest stages ot myelofibrosis is lupoplastic 
except m poljcythemia and does not show am changes tvpical of leukemia Fui- 
thermoie the chaiacteustic pathologic changes of leukemia aie missing Ham- 
mer, 38 Askanazj 39 and Wade 10 associated m\ elofibrosis with pseudoleukemia, a 
condition subject to gieat conti or ersy A toxic agent has also been held responsible 
for the development of the fibiosis (Schmidt, 351 * Donhausei 30 and Wolf 3j ) Lehn- 
dorff and Zak 37 and Anagnostu 41 thought the pi ocess one of ati oph) of the 
marrow probably due to endogenous or exogenous agents, and lceentl} Pteiffer 
and Gardner 10 have demonstrated that estrogenic substances administered m large 
amounts cause endosteal thickening and fibrosis of the marrow' in mice, rats, pigeons 
and chickens Silberberg and Silbeibeig 4 - hare demonstiated similai changes in 
immature guinea pigs and Sutio 43 in mice aflei adnunistiation of estrogenic 
agents 

It seems more plausible, howevei, that the myeloid metaplasia ot the liver and 
spleen is secondary oi compensatoiy to the loss of marrow function To some 
extent the enlargement of the livei and spleen parallels the degiee of the fibiosis 
The examination of the sternal marrow in the eaily stages levealed only partial 
fibrosis, and this was accompanied with a moderate enlargement of the spleen and 
with less severe clinical symptoms In cases of chronic, long-standing involve- 
ment, from ten to seventeen years m oui series, the spleen rvas gieatly enlarged 
In cases of acute myelofibi osis, m which this compensatoi) enlaigement of the 
spleen is not prominent, the symptoms are moie seveie and the penpheial blood 

32 Overgaard, K Em Fall von osteosklerotischer Anamie, Acta radiol 17 51, 1936 

33 von Jaksch, R Multiple Periostaffection und an myelogene Leukanwt mahnender 
Blutbefund, Prag med Wchnschr 26 2 and 19, 1901 

34 Chapman 10 Fairbank 3b Stephens and Bredeck 25 

35 (a) Mavros, A Aleukamische, besser “mchtleukamische Myelose” nut Osteosclerosis, 

Folia haemat 43 323, 1931 (6) Schmidt, M B Ueber osteosklerotische Anamie und 

Albers-Schonbergsche Krankheit, Beitr z path Anat u z allg Path 77 158, 1927 

36 Neumann, E Ueber leukamische Knochenaffectionen, Berl klm Wchnschr 17 281, 
1880 

37 Lehndorff, H , and Zak, E Myeloide Leukamie lm Greisenalter nut eigenartigen 
histologischen Befunden, Folia haemat 4 636, 1907 

38 Hammer, H Primare sarcomatose Ostitis mit chromschen Ruckfallsfieber, Virchows 
Arch f path Anat 137 280, 1894 

39 Askanazy, M Ueber extrauterme Bildung von Blutzellen in der Leber, Verhandl d 
deutsch path Gesellsch 7 58, 1904 

40 Wade, H W A Preliminary Report on a Case of Hemopoietic Splenomegalv with 
Marrow Sclerosis, J Philippine Islands MAI 143, 1921 

41 Anagnostu, J L Beitrag zum Studium der systematischen Osteosklerosen (Knochen- 

marksklerose mit leukamoiden Blutbilde), Folia haemat 50 70, 1933 , 

42 Silberberg, M, and Silberberg, R Action of Estrogens on Skeletal Tissues of Imma- 
ture Guinea Pigs, Arch Path 28 340 (Sept ) 1939 

43 Sutro, C Effects of Subcutaneous Injection of Estrogen upon Skeleton in Immature 
Mice, Proc Soc Exper Biol &_ Med 44 151, 1940 
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PROFILE PRINTING IN THE PHOTOMICROGRAPHY 

OF BLOOD CELLS 


WILLIAM P MURPHY, MD 

UD 

EDWIN T GREEN 

BOSTON 

Photomici ography has been used to good ad\antage for a number of yeais to 
record for future lefeience or foi pui poses of demonstiation the micioscopic 
appeal ance of blood cells 01 tissue sections That it might be used to demonstrate 
the actual shape of the eiylhroc)te and the location of granules m the leukocyte 
seemed possible, particularly after the mtioduction of the piofile or three dimen- 
sional method of punting 

The problem which offered the most important possibility was that of demon- 
strating the spheiocytes in the bipod of a person suspected of haung familial hemo- 
lytic anemia However, m ordei to do this, it seemed desirable to -visualize for 
comparison the erythrocytes of the blood of normal persons and those with other 
varieties of anemia 

In figure 1 is shown the photomicrograph of eiytlnocjtes from a normal person 
as printed in the usual manner foi comparison v ith the same erythroc)tes recorded 
by the profile method, as in figure 2 The biconcave disk shape of normal erythro- 
cytes is well illustrated in the latter It is also to be noted that the concavity is 
of rather uniform depth in normal erythrocytes and occupies a rather fixed portion 
of the cell, leaving a border ring of uniform width and thickness 

The erythrocytes of a patient with hypochromic anemia, as seen in figure 3, 
show m addition to the characteristic variation in size and shape a concavity of 
varying depth and extent with a bordei ring of less than normal thickness These 
evidences of insufficient hemoglobm to fill the cells properly are definitely more 
striking than those m the usual photomicrograph 

The erythrocytes m the blood of the patient with pernicious anemia, as seen 
m figure 4, show considerable variation m the extent and the depth of the con- 
cavity, although the border ring is generally of the same thickness as that of normal 
blood In regard to this condition the profile printing has added little of importance 
to the ordinary photomicrograph but does emphasize the well known fact that the 
majority of the individual erythrocytes m pernicious anemia are well filled with 
hemoglobin 

The most striking difference m the photomicrogiaphs prepared by the two 
methods is found m those of blood from a patient with familial hemolytic anemia 
The erythrocytes are shown by the usual method m figure S and by the profile 
method m figure 6 In the latter the so-called spherocytes are seen as slightly 
convex disks or pill boxes with slightly expanded sides These are not spheres 
as the term spherocyte suggests, but because of the definite convexity of their sides 
they are easily and certainly distinguishable from the biconcave disk of normal 
blood Probably no method of demonstrating these cells so accurately or so 
certainly has been previously presented This fact should indicate the value of this 
form of photomicrography as an aid to the diagnosis of familial hemolytic anemia 

From the Medical Service of the Peter Bent Brigham Hospital 

This article was presented as part of a scientific exhibit at the annual meeting of the 
Massachusetts Medical Society, May 21-22, 1940 
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Fig 5 — Hemolytic anemia 
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Fig 8 — Lymphatic leukemia 
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Fig n — Profile of myelogenous leukemia 
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SIGNIFICANCE OF GLYCOSURIA 
I ARTHUR MIRSKY, MD 

AND 

NORTON NELSON, PhD 

CINCINNATI 

Neaih thiee centimes ago Thomas Willis obseived the mine fiom a diabetic 
patient to be “wondei fnlh sweet, as if imbued with honey 01 sugar” Ever since 
then glycosuria has been of paiamount interest to the clinician, for it has become 
synonymous with diabetes melhtns Howe\er, glycosuria may be due to factois 
that ha\e no lelation to diabetes (e g, “lenal glycosuua”), while, conversely, dia- 
betes may exist m the agl) cosui ic patient ( e g , m the presence of severe nephro- 
scleiosis) Fuitheimore, there is a possibility that glycosuua alone is not an 
index of the seventy of diabetes Hence, controversies exist m the literatuie con- 
cerning the significance of tiansient glycosuria, the significance of glycosuua asso- 
ciated ruth a normal blood sugai level and the relative impoitance of the blood sugar 
level as compared with the amount of sugai excreted m the urine 

Recent studies in lenal physiology have provided information that should clanfy 
some of the misconceptions concerning the piesence of dextiose m the urine 
This mfoimation resulted from the elaboration of Cushny’s filtiation-ieabsorption 
theory of renal function and the application of newei pi maples to the problem 
of the excietion of dextiose Thus it is now known that the renal glomeiuh filter 
the crystalloids of the blood into the tubules, wheie they are either reabsoibed 
or concentrated and subsequently excreted Accordingly, it is obvious that the 
excretion of dextiose must be dependent on thiee factors (a) the concentration 
of this substance in the aiterial blood supply of the glomeruli, ( b ) the late at 
which the glomeruli filter it out of the blood and ( c ) the rate at which dextrose 
filtered out is reabsoibed by the tubules Hence, befoie evaluating the significance 
of glycosuria in any case it is imperative to consider these three factois 

RENAL FACTORS 

All cnal Blood Sugai — The factois that influence the aitenal blood sugai and 
hence the capillary blood sugar are fairly well recognized Any phenomenon which 
causes a distuibance m the absoiption of carbohydrates from the intestine, in then 
storage or in their utilization may influence the concenti ation of blood sugar 
Transient hyperglycemia may occui when carbohydrates aie absorbed from the 
intestinal tract at an mcieased rate (e g , m hyperthyroidism 1 ) or when there is 
a relative deciease in the rate of storage of carbohydrates in the liver (e g , in 
infections, hepatic damage or emotional excitement) Permanent hyperglycemia 
may occur in any condition m which there is a permanent excessive rate of 
glycogen breakdown m the livei 01 an insufficient rate of foimation of hepatic 
glycogen (e g , m insulin insufficiency or in toxemia) 

Glomeiuhu Filiation — The glomerular filtrate is essentially the same as 
blood plasma m that it contains the vanous crystalloids of the blood m the same 

From the May Institute for Medical Research of the Jewish Hospital, and the Department 
of Biological Chemistry of the University of Cincinnati 

1 Althausen, T L , and Stockholm, M Influence of the Thyroid Gland on Absorption 
m the Digestive Tiact, Am J Physiol 123 577, 1938 
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Figuie 7 shows an intei esting but not pai ticularly impoitant piofile plioto- 
miciograph of the erythrocytes of a Negio boy with sickle cell anemia 

Figuies 8 and 9 contrast a usual photomicrogi aph of blood taken fiom a patient 
with chronic lymphogenous leukemia and a profile one of the same blood It is 
interesting to note how the nuclei appear to be raised above the let el of the 
cytoplasm, which has undoubtedly conti acted over them in the dried, stained smear 
Perhaps the most sti iking if not the most impoitant contrast belween the two 
methods of printing is shown m figures 10 and 11 The beautiful design m the 
cells of the myeloid senes, particulaily in a basophil, in blood from a patient with 
chronic myelogenous leukemia is a most interesting example of the possibilities in 
the use of the piofile photomicrograph for purposes of illustration and demonstra- 
tion m hematology 


311 Beacon Street 
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The amount of dextiose that has been removed from the plasma pei minute 
is repiesented by the product of the glomeiulai filtiation late (i e, the mulm 
cleat ance or the utea clearance /0 6) and the concentration of dextrose in the 
plasma Thus, at an aiterial blood plasma sugat level of 80 mg per hundred 
cubic centimeteis and a filtiation rate of 125 cc of blood per minute, 100 mg of 
sugar will enter the tubules per minute (fig 1) , at a blood sugar level of 220 
mg per bundled cubic centimeters, 275 mg will enter the tubules per minute 
(fig 2) Howevei, if the filtiation rate drops because of glomerulonephritis, for 
example, to 50 cc per minute, then at the aforementioned blood sugar levels, 
only 40 mg (fig 4) and 110 mg (fig 5), respectively, will enter the tubules 
per minute 

Tubulai Rccibsoi phon — The amount of dextrose that is excreted m the urme 
is dependent on the balance between the amount of dextiose that enteis the tubules 



Fig 2 — Diabetes mellitus The dextrose filtration rate (plasma sugar X filtration rate) 
exceeds the maximum reabsorptive capacity of the tubules because the plasma sugar is high 


and the quantity that is transported by the tubules back into the blood stream The 
studies of Shannon and Fisher 3 on normal dogs and those of Govaerts and Muller 4 

(mulm clearance = urea clearance /0 6 and parallel each other closely (Smith, H W Note 
on Interpretation of Clearance Methods m Diseased Kidney, J Clin Investigation 20 631, 
1941), one may employ the urea clearance to measure the rate of glomerular filtration (table) 
instead of using the more difficult mulm clearance procedure Thus, if a patient has glycosuria, 
he is made to void at a specific hour, and a sample of blood is taken at the same time After 
a definite interval he is made to void and another sample of blood is taken The volume of 
urine passed during the interval is noted Using the average value of the two blood samples, 
the volume of urine excreted per minute and the values for sugar and urea nitrogen m the 
urine, the formula UV/P is employed to determine both the urea and the dextrose clearance 
Urea clearance /06 gives the glomerular filtration rate 

3 Shannon, J A , and Fisher, S Renal Tubular Reabsorption of Glucose in Normal 
Dog, Am J Physiol 122 765, 1938 

4 Govaerts, P , and Muller, P Mechanism of Glucose Excretion by Kidney in Diabetic 
Dogs, J Clin Investigation 18 25, 1939 
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concentrations as m the plasma Thus, 100 cc of glomeiulai filtrate contains the 
same amount of dextrose as 100 cc of blood plasma Therefote, the amount of 
sugar that enters the tubules is dependent on the ability of the glomeruli to filter 
this sugar from the blood This ability is expiessed as the “glomerular filtration 
rate ” On the other hand, the amount of blood plasma which is entirely freed 
of dextiose m a given time is known as the “dextiose cleaiance ” This represents 
the amount of sugai which has been filtered out by the glomeiuh less that which 
has been reabsorbed by the tubules (fig 1) Obviously, m the aglycosuric person 
the dextrose cleaiance is zero Hence, to measure the amount ol dextrose which 
has passed through the glomeruli, it becomes necessaiy to measuie the glomerular 
filtiation rate, i e , the late at which the kidneys fiee the blood plasma of a sub- 
stance which is neithei reabsorbed nor secieted by the tubules Inulin is such 
a substance, and the amount of blood which is entuely ficcd of inulin per minute 
is known as the “inulin clearance ” Since all the inulin v Inch has been filtered 



Fig 1 — Normal The reabsorptive capacity of the tubules exceeds the dextrose filtration 
rate (plasma sugar X filtration rate) 

into the tubules subsequently appeals m the urine, the inulin clearance actually 
represents the late of glomerular filtration not only of inulin but of any other 
solute present in the blood plasma By such means it has been shown that about 
125 cc of blood is normally freed of its crystalloids per minute Any distur- 
bance in the functional integrity of the glomeiuh (e g, glomerulonephritis or 
nephrosclerosis) will impair the filtration capacity and theieby l educe the amount 
of any solute (mulin, dextrose, uiea) that normally can entei the tubules in a 
unit of time 2 

2 The clearance of any substance is expressed by the term UV /P, in which U and P 
represent the concentration of the substance in the urine and plasma, respectively, and V, the 
volume of urine excreted in a unit of time For inulin UV/P = 125 cc per minute A sub- 
stance like urea, which partially diffuses back into the blood stream, or a substance like 
dextrose, which is reabsorbed by the tubules (fig 1), will have a lower over -all clearance 
Since the relation between the mulin clearance and the urea clearance is fairly constant 
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RENAL THRESHOLD FOR DEXTROSE 

It is appaient fiom the statements under “Tubular Reabsoiption” that 
while the maximum ieabsoiptive capacity of the tubule is a basically independent 
function of the kidney, the threshold foi the excretion of dextrose as it is ordi- 
narily understood is not, but is dependent both on the maximum reabsorptive 
ability of the tubules and on the glomei ulai filiation late Foi example, with 
a given ability to leabsorb dextiose, loss of dextrose into the mine will occui 
whenevei it is presented to the tubules more rapidly than it can be handled Undei 
normal conditions this does not occui because the amount of dextrose filteied out 
does not appioach the maximum reabsorptive capacity of the tubules (fig 1) 
Howe^i, flooding of the tubules with dextrose may be produced in two ways 

1 A noi mal late of glomerulai filtiation associated with a high concentiation of 
dextiose in the filtrate (high blood sugai) will pioduce excretion of sugai (fig 2) 

2 If the late of glomeiulai filtration is abnormally high, loss of dextrose into the 



Fig 4 — Glomei ulonephritis The reabsorptive capacity of the tubules exceeds the dextiose 
filtration rate (plasma sugar X filtration rate) because of inadequate filtration through the 
abnormal glomerulus The blood is not completely freed of dextrose at any time 

urine will occui at a noimal oi a low concentiation of dextiose in the glomeiulai 
filtrate Obviously the lattei situation must be extiemely rare, but the possibility 
of it may be revealed by future studies 

Conversely, excretion of sugar m the mine may occur at a noimal concen- 
tiation of dextrose if the leabsorptive capacity of the kidneys is abnormally low 
This is the situation encountered m “renal glycosuria” (fig 3) Here the glomei - 
ulai function is geneially normal while the tubular ability to leabsorb dextrose is 
so impaired that glycosuria occurs at noimal oi only slightly elevated blood sugai 
concentrations 

The renal threshold for dextrose m man m the past has been detei mined b> 
ascertaining the blood sugar level at which sugai appeared in the mine, the ialue 
obtained vaned with whethei the blood sugar was rising or falling This pio- 
cedure does not give a quantitative description of the actual physiologic mechan- 
isms that aie involved Actually the renal threshold foi sugar may lie defined 
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on diabetic dogs led to the concept that the tiansfei of dextiosc fiom the tubular 
mine to the blood (1 e, leabsoiption) is accomplished by a mechanism which m 
its late of transfei is independent of difleiences in concentiation of sugar in the 
blood and the tubulai mine It is independent also of the late of movement of 
eithei the tubulai mine 01 the tubulai blood supph, i e of glomciular filtiation 
01 of lenal blood flow The late of the leabsoiption of dextiosc then become- 
dependent on just two factors (1) the availability of dextrose m the tubules and 
(2) the maximum capacity of the tubules to leabsoib dextiosc 

As data have accumulated, the maximum leabsoiptive capacity has been found 
to have a leasonablv constant value during noimal lenal function 5 6 This \alue is 
determined by measuring the amount of dextiose that enters the tubules (glomei- 
ular filtration rate X plasma sugar concentiation) less the amount which appears 
in the urine m the same interval of time This estimation can be used as an index 



Fig 3 — “Renal glycosuria” The dextrose filtration rate (plasma sugar X filtration rate) 
exceeds the maximum reabsorptive capacity of the tubules because of some physiologic, pharma- 
cologic or pathologic deficiency of tubular function 

of the efficiency of one aspect of renal activity just as the glomeiulai cleaiance 
is used of anothei In normal man the maximum leabsorptive capacity of the 
tubules has been found to vary from 250 to 350 mg per minute 0 When tubular 
function is impaired, the reabsorptive capacity of the tubules may be so reduced that 
dextrose will appear m the urine even at normal or low blood sugar levels (fig 3) 

5 Shannon, J A Kidney, in Luck, J M , and Hall, V E Annual Review of 
Physiology, Stanford University, Calif, Annual Reviews, Inc, 1942, vol 4, p 297 

6 Nelson, N , and Mirsky, I A The Influence of Glomerular Filtration on the Glucose 
“Threshold” in Man, Am J Physiol 129 P429, 1940 Steimtz, K Studies on Conditions of 
Glucose Excretion in Man, J Clin Investigation 19 299, 1940 Smith, H W , Rangei, H A , 
Chasis, H , and Goldring, W The Dispersion of Glomerular Activity in the Normal and 
Hypertensive Kidney, Am J Physiol 133 P450, 1941 
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litus m patients with a histoiy of “renal glycosuria” should be the same as it is m 
the geneial population 

This view is completely borne out by oui data on 3 patients with lenal glyco- 
suria (R T, W W and F W), who show noimal glomeiular function but 
marked i eduction m dextrose leabsoibed (table) This i eduction is of about the 
same oidei of magnitude in each patient, the maximum reabsorptive capacity of 
the tubules langes from 75 to 97 mg per minute, in contrast to the normal ranges 
of fiom 250 to 350 mg pet minute The threshold (dextiose leabsorbed per 
bundled cubic centimeters of glomeiular filtrate) is in each case definitely below 
the normal fasting sugar level 

Wheieas it is possible to find persons suffei mg from lenal glycosuria who 
may have metabolic distuibances as a result of the constant loss of sugar (i e , 
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relative starvation), theie is no evidence of such difficulties in the 3 whose cases 
have been cited There has been no evidence of starvation or ketosis in these 
cases, nor could any be anticipated from the magnitude of the loss of sugar 
occurring if a noimally adequate dietary regimen was permitted In these 3 per- 
sons with impaired tubular reabsorptive ability for dextrose no evidence of addi- 
tional renal dysfunction was found, nor was there any history suggestive of a 
responsible factor m the origin of this condition This situation is that encountered 
m the patient with true or idiopathic renal glycosuria 

A similar situation can be produced experimentally by the admmistiation of 
phlorhizm, which inhibits the reabsorption of dextiose, presumably by inhibiting 
phosphorylation in the tubules, 7 and therefoie the condition produced may be 

7 Rapoport, S , Nelson, N , Guest, G M , and Mirshy, I A The Turnover of Acid- 
Soluble Phosphorus in the Kidneys of Rats, Science 93 88, 1941 
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as that concentiation of blood sugai at which the quantity enlcnng the tubules 
pei unit of time exceeds that which the tubules can ieabsoib in the same interval 
of tune By measuring the rate of glomerulai filtration of sugar and the rate at 
which sugai appears in the urine it is possible to evaluate the transfer of dextrose 
m the kidney and to assess its efficiency Quantitatn ely, the threshold may be 
expiessed by the value foi “dextiose reabsorbed per hunched cubic centimeteis of 
glomerular filtiate” (1 e, dextiose leabsorbed/glomeiular filtration late) 

It is evident that, given a patient with glycosuria, the glomciular filtration 
rate will provide information concerning the amount of dextrose that enteied the 
tubules whereas the dextrose clearance 1 will make possible the estimation of the 
amount of sugar reabsoibed, since the amount of dextiose filteied into the tubules 
less the amount of dextiose excieted equals the amount reabsorbed In this 
manner it becomes possible to evaluate the significance of gl}Cosutia in ail) case 
inespective of the blood sugai lex el as well as of the status of renal function 



Fig 5— Diabetes and nephrosclerosis The reabsoiptivc capacity of the tubules exceeds 
the dextrose filtration rate (plasma sugar X filtration rate) because of inadequate filtration 
through the abnormal glomerulus 

Renal Glycosuria — This apparentl) benign abnoimahty m the xenal conti ol of 
dextrose excretion has been basically a well understood condition However, the 
vagueness of the diagnostic criteria and the confusion of the condition with dia- 
betes mellitus have unnecessarily complicated the detection and subsequently the 
handling of renal glycosuria It is obvious that the teim “lenal glycosuria ’ should 
be reserved for those cases m which the excretion of dextiose m the urine is 
occasioned by an inefficient renal reabsorptive mechanism (fig 3) It is piobable 
that this inefficiency results from a number of etiologic factors and should, there- 
fore, be distinguished on the basis of these factois as physiologic, pathologic or 
pharmacologic m nature Moreover, theie is no reason why this same inefficiency 
in reabsorption of dextrose cannot be accompanied by other causes of glycosuria, 
such as the hyperglycemia of diabetes mellitus That does not mean that there 
is any relation between them other than the fact that diabetes can occui in persons 
with normal or abnormal kidneys In other words, the incidence of diabetes mel- 
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1 unction and the consequent pioduction of glycosuna does not necessarily have any 
metabolic significance if the loss of calories is adequately compensated 

It is a common obseivation that the eldeily patient with diabetes shows a 
‘deci eased lenal thieshold” m that a high blood sugar level may be encounteied 
without as gieat glycosuna as might be observed in a younger patient with diabetes 
In fact, such eldei ly patients may be aglycosui ic in spite of a high blood sugai level 
This has led to much speculation concerning the severity of the diabetic syndrome 
m the eldeily patient, the contention being that the lessei glycosuria indicates a 
milder disease Howevei, analysis by means of the pioceduies described m the 
pieceding paiagraphs leveals that the deci eased glycosuna is due either to a decrease 
in glomeiular filliation, consequent to pathologic changes in the glomeiuli (fig 5), 
oi to an mciease m capacity to leabsoib dextiose, l e , to a distuibance in renal 
function and not to some extiaienal metabolic factoi That the elderly diabetic 
pei son need not have a diffeient threshold in comparison with the young diabetic 
pei son ma)' be lllustiated by the obseivation that a patient 14 yeais of age with a 
diabetic lustoiy of seveial yeais’ duiation had a lenal threshold of 254 mg per 
hundied cubic centimeters, while anothei patient aged 60 yeais had a thieshold of 
257 mg, 3 et the child showed a much moie severe clinical picture than did the 
elderly patient The only conclusion that can be drawn fiom this illustration is 
that the kidneys function equally well m both but that the general metabolic dis- 
tuibance is greatei in the child Hence, when the glycosuna is diminished m an 
eldeil) subject, it may meiel) reflect some pathologic change in the kidney 

SUMMARY 

It is appaient that glycosuna l effects not only the metabolic phenomena which 
produce hypeiglycemia but the pltysiologic status of various functional units of the 
kidney Hence a proper appraisal of the significance of glycosuna necessitates 
determination of the lates of glomerulai filiation and tubulai reabsoiption as well 
as of the concentration of blood sugar In the nonnal pei son all thiee factors are 
nonnal (fig 1) In the patient with “lenal glycosuna” or glycosuria induced with 
phlorluzm and probably m the patient with glycosuna of pregnancy the reabsorptive 
capacity is deci eased (fig 3) In the patient with diabetes mellitus the blood 
sugar is high and the lenal factoi s are normal (fig 2) In the aged person with 
diabetes and nephiosclerosis theie may be a gieatei oi lessei impairment of the 
functional units of the kidneys, which results in a decrease in the glomeiular filtra- 
tion rate and hence in an increase m the concentiation of blood sugar lequued to 
pioduce glycosuria (figs 5 and 6) 

Accordingly, the concentiation of sugai m the uime, in itself, is not an index 
of the seventy of the metabolic distuibance that may be piesent noi does it give 
any information concei mng the prognosis Only when the renal factors are properly 
evaluated does the amount of dextrose in the urine become significant Then one 
can determine the amount of caibohydiate which the patient letains on a specific 
dietary intake and theieby arnve at a proper evaluation of the severity of the 
metabolic disoide* 

The Ma}" Institute for Medical Research 
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regarded as a phai macologic type of lenal glycosuna Heic too no metabolic 
disturbance ensues so long as the patient eats an adequate amount of carbohydrate 
and theieby compensates foi the loss m the urine 

“ Blight’s Disease ” — In patients with vanous lenal diseases one finds loweted 
tubular capacity to leabsoib dextrose similar m se\erity to that m patients with 
lenal glycosuna As data accumulate, it is probable that instances will be encoun- 
tered m which a disease piocess of know'll genesis more 01 less specifically implies 
this tubular mechanism Such cases would show continuous glycosuna of the 
same type as that found m cases of lenal glycosuria However, in each case 
of pathologically low' tubulai leabsorptivc capacity which wc hate studied so far 
we have found glomerular dysfunction of sufficient magnitude to laise the tlueshold 
foi sugar spillage to normal or nearly normal levels (fig 6) 

Tw'O examples of patients w-ith Bright’s disease (M E and L 1 ) with this 
parallel mjuiy to the tubules and the glotueiuli are given m the table Jt is appaient 



30 40 60 80 100120 150 

glomerular filtrate — cc per min 

(hypobromite N clearance /0 6 ) 


Fig 6 — Glomeiular filtiation and lenal threshold The influence ol gloniemlar filtration 
on the renal threshold foi dextiose The open circles indicate the theoretic rcabsorptive 
capacity of the normal kidney The black circles indicate the actual data obtained m tarious 
patients, showing that if the glomerular filtration is decreased there is also a tendency for 
the tubular reabsorption to decrease When the latter does not decrease as much as the former, 
the threshold for dextrose is increased 


that neither of these persons w'ould noimally be apt to have glycosuna (fig 4) 
Howevei, should the pathologic distuibance involve the tubules to a gieatei degree 
than the glomeruli, glycosuna would ensue This has been obseived occasionally 
m Bright’s disease, m consequence of w'hich the status of the patient’s caibobydiate 


metabolism was questioned 8 On the other hand, should the pathologic piocess 
involve the glomeruli of a patient with diabetes to a greatei degiee than it involves 
the renal tubules, glycosuna would decrease since less sugar would be filteied into 
the tubules (fig 5) It cannot be emphasized too often that a disturbance in iena 


8 Williams, J R , and Humphreys, E M Clinical Significance of Blood Sugar in 
Nephritis and Other Diseases, Arch Int Med 23 537 (May) 1919 
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REPORT OF A CASE 

Histoiy — A 27 year old man was referred to the outpatient department of the Kings County 
Hospital in February 1939 by lus pnvate physician after he was found to have a positive 
Wassermann reaction The patient attended the clinic regularly, was not granted any rest 
periods and by Feb 15, 1941 had leceived forty-nine injections of a bismuth compound 
and forty-four injections of mapharsen On February 17 he fell and fractured his left femur 
He was unable to return to the clinic until April 5, when 0 04 Gm of mapharsen was admin- 
istered intra\ enously at 10 a m Two hours later, while at home, he was found having a 
generalized comulsion He was admitted to the neurologic service of Dr A M Rabiner, 
Kings County Hospital, approximately three and one-half hours after the injection 

On admission the patient was stuporous, had a dusky blue appearance and was breathing 
irregularly The chest was clear and resonant The heart tones were poor, and the rhythm 
was regular The blood pressure w r as 80 systolic and 50 diastolic The abdomen was soft, 
no organs were felt There w'as bilateral pes cavus 

On neurologic examination the right pupil measured 3 5 mm , the left one 2 0 mm Neither 
iris reacted to light The eyes often deviated to the left There were twutchings of the 
perioral group of muscles on the left side and chattering movements of the jaw The deep 



Fig 1 — Perivascular necrosis Several phagocytes loaded with hemosiderin can be seen 
Hematoxylin and eosin , high magnification 

reflexes were decreased throughout , the superficial ones could not be elicited There were 
bilateral Babinski responses of the toes The patient did not respond to pm prick 

Shortly after admission the patient partially regained consciousness The followung day 
he could not void, and catheterization w^as required Two days later hemiplegia, hemianesthesia 
and homonymous hemianopia developed, all on the left side 

Each day for twelve days, until April 17, the patient v^as observed m one or more con- 
vulsions During a convulsion, consciousness was maintained, the head and eyes w^ere turned 
to the left and there were clonic movements of the entire left side of the body Occasionally, 
such movements were noted on the right side 

On April 18, the thirteenth day of hospitalization, the patient lapsed into a stuporous state 
Failure to respond to ordinary measures and the predominance of unilateral signs suggested 
a localized lesion The patient was then transferred to the neurosurgical service of Dr E 
Jefferson Browder Ventriculographic studies revealed dilatation of both lateral ventricles 
and anomalous formation of the corpus callosum 

The patient did not regain consciousness On April 22 tvutchings of the right side of the 
mouth w'ere noted On that day, the patient’s temperature rose to 105 F and death ensued, 
twenty-one days after admission 
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Although mapharsen has been xxidelx adopted in the treatment of syphilis 
since 1934, reports of fatalities fiom toxic effects following its use are few In 
1933 Cole and others 1 repotted the fust case of death attnbuted to mapharsen, 
acute nephrosis was the piimai} cause of death Two ) eai s later Simon and 
Iglauer 2 repoited a case in which a patient had died of anuna after fixe injections 
of mapharsen Shoitly afterward Rein and Wise 1 added 2 more cases xxith fatal 
outcome In 1 of these aplastic anemia had developed in the othei granulocyto- 
penia In 1941 Kirkham and Peilmutter 1 repoited a case m which death xvas due 
to aplastic anemia following twenty injections of mapharsen 

The first report of mapharsen thelap^ followed bx inxolvement of the central 
nervous system appeared m 1939 fiom India Rajam and Rao 5 described a case 
m which hemorrhagic encephalitis folloxved the use of mapharsen This complica- 
tion occurred in a man aged 47 with primary syphilis and a positive serologic 
reaction for syphilis and folloxved the second injection of 0 04 Gm of mapharsen 
The first injection had been given five days previously Within twenty-four hours 
confusion, generalized rigidity, exaggerated tendon leflexes and extensor plantar 
responses developed Death supervened in txventy-four hours On gross examina- 
tion “a full and engorged condition of the vessels of the surface of the brain” 
was noted Results of microscopic examination xvere not reported 

A second case xvas recorded by Chargin 0 in 1940 A patient had received 
1 2 Gm of mapharsen intravenously in live days by the continuous intravenous 
drip method Txvo days after the completion of treatment, convulsive seizures 
developed and the patient lapsed into stupor He responded to therapy and recov- 
ered in five days The case presented heie is the hist in which histopathologic 
study of the brain xvas made 

Presented at a meeting of the Brooklyn Neurological Society, Nov 25, 1941* 

From the Neurologic Service and the Neuropathology Laboratory (Department of 
Pathology, Dr William W Hala, director), Kings County Hospital 

1 Cole, PI N , and others Cooperative Clinical Studies m Treatment of Syphilis 
Arsenical Reactions, Ven Dis Inform 14 173, 1933 

2 Simon, S D , and Iglauer, A Death Following Mapharsen Therapy, Am J Syph , 
Gonor & Ven Dis 23 612, 1939 

3 Rem, C R , and Wise, F Mapharsen in the Treatment of Syphilis in Office Practice, 
JAMA 113 1946 (Nov 25) 1939 

4 Kirkham, D , and Perlmutter, M Fatal Aplastic Anemia Following Use of Mapharsen 
Report of Case, Arch Dermat & Syph 43 111 (Jan ) 1941 

5 Rajam, R V , and Rao, N V Mapharside in the Treatment of Syphilis Clinical 
Study, Indian M Gaz 74 24, 1939 

6 Chargin, L Massive Arsenotherapy m Early Syphilis by Continuous Intravenous Drip 
Method Toxicologic Manifestations, Arch Dermat & Syph 42 248 (Aug ) 1940 
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vasculai spaces Petechial hemonhages wcie seen in scattered parts of the biam, principal]} 
in the giav mattei Small and medium-sized arteries in the cortex, white matter and basal 
ganglions were sui rounded by rarefied zones of necrosis The rarefied zones contained 
macrophages distended with hemosiderin They appeared to be the remains of previous minute 
nenvascular hemorrhages 

Two tvpes of degenerative lesions foimed a distinctive part of the pathologic condition 
The first was ewdent m the temporal lobe, where poorly circumscribed aieas of" degeneration 
involved the deepest layers of the coitex and extended parallel to the surface in a laminar 
fashion (fig 1) At times all cortical layers were included in the degenerative process This 
pathologic process stopped sharply at the edge of the white matter These lesions had a 
chaotic and disotgamzed aspect (fig 2) In them the ground substance was spongy, edematous 
and disintegrating The normal lajers of the cortex could not be made out The ganglion 
cells had disappeaied There was considerable gliosis, the tissue consisting chiefly of plump, 
protoplasmic astrocytes The blood vessels appeared normal 

A second type of degeneiative lesion also occurred in the cortex but was smallei, moie 
discrete and moie localized (fig 3) Within these lesions ganglion cells and glia were absent 
Nests ot closeh aggicgated capillaries formed by the proliferation and dilatation of small 



Fig 3 — Higher magnification of the degeneration seen m figure 2 Note the spongy state 
ot the tissue and the numerous astrocytes Mallory’s phosphotungstic acid-hematoxylin stain 

vessels constituted a striking feature of this lesion This was well seen in sections stained 
with silver stain (fig 4), which demonstrated increase in perivascular connective tissue 
Scattered through one such focus in the frontal lobe were several small petechial hemor- 
rhages which had ruptured into the subarachnoid space The arachnoid overlying this area 
was hyperplastic and infiltrated with red blood cells 

The ganglion cells appeared normal except in the foci of degeneration Considerable gliosis 
of protoplasmic type was present throughout the cortex but was most marked m the temporal 
lobe This gliosis was seen even in areas which had not undergone degeneration A few 
small, spongy, demyelinated foci, bearing no relation to blood vessels, were encountered here 
and there in the white matter In some areas the arachnoid was infiltrated to a slight degree 
with a small number of lymphocytes and plasma cells Occasionally, the wall of a medium- 
sized vessel in the cortex was similarly infiltrated The vessels, however, did not exhibit 
either thickening or thrombosis The macroscopic cyst m the opercular region was surrounded 
by a zone of demyehnation and gliosis 

Determination of arsenic was carried out on the fixed brain, and 0005 mg as arsenous 
oxide (As 2 Ot) per hundred grams was found 
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Laboicitoiy Data —Repeated lumbar punctures yielded cltai fluid undci normal pressure 
There was no abnoimal evtologic response until April 19, the d t\ liter the patient lapsed 
into stupor, when examination of spinal fluid mealed 74 mononuclcai cells per cubic milli- 
meter The Wassermann reaction of the blood and of the spinal fluid was 4 plus Results 
of chemical examination of the blood and urinahsis were within noinnl limit*- A blood count 
mealed mild leukocvtosis 

Autopsy — General Examination Gioss examination Significmt change-, were encoun- 
tered m the lungs and the lncr Confluent areas of bronchopneumonia were scattered 
throughout the pulmonan fields The liver weighed 1,000 Gm and exhibited a mild degree 
of fatty metamorphosis 

Histologic examination Marked active congestion md mam ire is ot acute bronchopneu- 
monia were seen in the lung I he hepatic tissue waas moderately swollen and congested 
There w'ere a few' focal collections of round cells around the bile ducts and a slight increase 
in fibrous tissue m the penportal areas 

Examination of the Brain Gross examination Scattered small md discrete ireas ot 
bleeding into the subarachnoid space were revealed The arachnoid was cloudy thickened 
and edematous over the superior comexities and at the base The -vessels of the pia exhibited 



Fig 2 — Diffuse degeneration seen in deeper layers of the cortex Mallory’s phosphotungstic 
acid-hematoxylin stain, medium magnification 


considerable congestion The corpus callosum was poorly developed and was represented b\ 
only a thin strand of tissue half an inch (125 cm) m length in the legion of the genu 
The septum pellucidum was absent, and the columns of the fornix were rudimentary The 
white matter was moderately congested A small group of petechial hemorrhages, apparently 
related to the ventricular puncture, were seen in the w'hite matter of the left paneto-occipital 
region In the white matter of the left frontal operculum a small orange cyst w'as encoun- 
tered There w'as bilateral dilatation of the ventricular system, most marked in the right 
temporal horn 

Histologic examination Sections from various parts of the brain were stained with 
hematoxylin and eosin, with Mallory’s phosphotungstic acid-hematoxylin stain and by the 
methods of Spielmeyer, Mahan, Fincher and Cajal 

Edema was widespread but generally focal and most maiked in the cerebral cortex Con- 
siderable congestion and stasis were present in the small vessels and capillaries of the cortex, 
m the periventricular gray matter and, to a lesser extent, m the w'hite matter The stasis 
w'as often associated with the presence of a small number of red blood cells in the peri- 
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COMMENT 

Ceiebial complications following the use of arsphenanune and related dings 
aie by no means late They have been descubed undei vanous names, viz, 
hemoiihagic encephalitis, arsenical encephalitis, pencapilkuy encephalorrhagia, 
purpuia of the brain, etc Headache, vomiting, convulsions, unconsciousness, 
cyanosis and collapse, distui bailees of the pupillaiy and extiaoculai muscles, loss 
of conti ol of sphincteis, mental distui bailees and vanous types of paralysis are 
chaiactenstic of the disoidei The s\ mptoms aie those of an acute diftuse ceiebial 
disoidei, and the clinical srudiome m this case confonns to that generally seen 
In 104 cases of hemoiihagic encephalitis reviewed by Glassei, Imerman and 
Imerman T the S} mptoms of imohement of the cential neivous system geneially 
made their appeal ance m twehe hours to six days after an mtiavenous injection 
of an arsenical A geneiahzed comulsion maiked the beginning of our patient’s 
illness as is frequently the case and this occuired tw r o houis after the injection 
of 0 04 Gm of mapharsen The absence of changes in the spinal fluid in this case 
confonns to the experience of othei authors 

There were, howeiei, unusual clinical featuies in this case Until now, m only 
1 reported case have cerebral complications and fatal outcome been attnbuted to 
mapharsen In Glasser s senes any fatal cerebial complications ahvays occuned 
before the fifteenth injection of an arsenical, 78 per cent of the complications 
occurring after one of the first three doses Our patient had leceived foity-five 
injections of mapharsen There was, howeiei, an interval of six w^eelcs between 
the fort) -fourth and the fort) -fifth injection Dui mg that time a fracture of the 
femur had pre\ented the patient from attending clinic for treatment In Glasei’s 
analysis of 69 cases in which the survival penod was stated, death occurred 
within eight da) s after the development of symptoms in all cases but 1 Our 
patient sun n ed for tw enty-one days 

The pathologic characteristics of arsphenamme encephalopathy have leceived 
considerable attention The principal feature has been described as petechial hemor- 
rhages, which often take a ring form The hemonhages generally w^ere situated 
about small blood vessels and have been said to occur chiefly m the wdnte matter 
This hemorrhagic feature has been emphasized by most authois, but it is not the 
only form of pathologic change to be found Eaiher reports by Busse and Menan, 8 
Schmorl 0 and Stuhmer 10 called attention to neciotic lesions m the bram m 
association with petechial hemorrhages or in their absence Russell 11 lepoited 3 
cases “m which administration of aisphenaimne was followed by the production m 
the central nervous system not only of perivascular and ring hemorrhages, but also 
of perivascular non-hemorrhagic areas of necrosis and demyelmation ” 

Roseman and Aring 12 have also reported a degeneiative type of lesion m a 
case in which the complication developed aftei the fifteenth injection of neo- 
arsphenanune They stated “The most important lesions m the brain w^ere focal 
perivascular areas of neciosis unrelated to hemorihage m the wdnte matter” The 

7 Glaser, M A , Imerman, C P , and Imerman, S W So-Called Hemorrhagic 
Encephalitis and Myelitis Secondarj r to Intravenous Arsphenammes, Am J M Sc 189 64, 1935 

8 Busse, O, and Menan, L Em Todesfall nach Neosalvarsanmfusion, Munchen med 
Wchnschr 59 2330 , 1912 

9 Schmorl, G Encephalitis Hemorrhagica nach Salvarsamnj ektionem, Munchen med. 
Wchnschr 60 1685, 1913 

10 Stuhmer, A Hirnschwellung nach Salvarsan, Munchen med Wchnschr 66 96, 1919 

11 Russell, D Changes in the Central Nervous Svstem Following Arsphenanune Medi- 
cation, J Path & Bact 45 357, 1937 

12 Roseman, E , and Aring, C D Encephalopathy Following Neoarsphenamine Therapv, 
New England J Med 224 550, 1941 




and the 
)id space 


•ation of 
te of the 







R IBINER ET AL —ENCEPHALOPATHY 


843 * 


those m the biam ha\e been laic Pathologic studies have not as )et been leported 
It is possible that these neciotic lesions maj lepiesent an unusual leaction ot the 
bi am to aisemc occulting undei special cncumstances and related to the time 
factoi and the special conditions of tissue and vessel leactivity obtaining when 
piolonged admuustiation of the diug is followed by a prolonged mteriuption m 
tieatment, followed in turn by lesumption of tieatment 

As fai as the hemonhagic tendency is concerned, most of this was in 1 elation 
to the ventnculai punctuie except for occasional small scatteied petechial hernoi- 
thages and the frequent small perivasculax aggregates of phagocytes containing 
hemosidenn which indicated pi tor hemoithage Inasmuch as the patient had been 
well pi 101 to the onset of the piesent illness, it is presumed that these repiesented 
hemorihages which occuired eailv m the couise of the illness and were therefor 
part of the response of the biain to aisemc The necrotic-degenerative lesions and 
the gliosis were in excess of the hemonhagic features and dominated the pathologic 
picture This is mote m keeping wath the cases repoited by Russell, by Roseman 
and Aung and b) Poliak and Riehl 

In am e\ent, petechial hemorrhages aie not the only form of pathologic change 
encountei ed in the cential neivous system as a complication of aisemcal therap) 
Indeed, hemoirhages may be in the backgiound or even nonexistent It would 
therefoie be an ciroi to ascribe the clinical pictuie to “hemoirhagic encephalitis’ 
or “pencapillaiv encephalon hagia ” The broader teim aisemcal encephalopathv 
is considered moie uiinei sally appiopnate and does not commit one to the expecta- 
tion of bleeding 

It should also be emphasized that when petechial bleeding occurs in the biain, 
the cerebrospinal fluid may give no indication ot it A clear spinal fluid should 
therefore not be considered to exclude the piesence of petechial hemorrhages in 
the brain 

Although there was an mciease in astiocytes in various legions of the coitex 
the ganglion cells weie spaied except in the necrotic foci and the areas of degenera- 
tion The ganglion cells as such were therefore not affected primarily by the 
disease In a few areas the meninges exhibited a small degree of localized infiltra- 
tion by lymphocytes and plasma cells suggestive of syphilitic meningitis A few 
vessels were similaily affected to a slight degree But nowhere was there am 
thickening or sclerosis of vessels, thrombosis or occlusion to suggest that syphilis 
of the vasculai system played any role in the genesis of the pathologic changes 
In the absence of significant vasculai disease the necrotic-degenerative lesions have 
been interpreted as toxic in origin In the absence of previous neurologic illness 
the clinical syndrome was clearly related causally to the mapharsen In its general 
features it conformed to the clinical features of repoited cases of arsenical 
encephalopathy The pathologic changes have therefore been ascribed to maphai sen 

SUMMARY 

A case is piesented in which fatal cerebral symptoms dev eloped after mapharsen 
therapy 

The patient had leceived forty-five injections of the diug, but the last was 
preceded by an interval of six weeks during which the patient did not leceivc am 

medication 

The symptoms weie those commonly seen in arsenical encephalopathy 

The pathologic changes in the brain consisted of petechial hemorrhages and 
necrotic-degenerative lesions of an unusual tv pe 

890 Park Place (Dr Rabmer) 

Kings Count j Hospital (Dr Apter) 
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penvasculat neciosis was 1 elated to changes m the small blood tessels, clueflt 
in the endothelium, which fiequcntly occluded the \essel Petechial liemori hages 
did not seem to be impoitant 

Poliak and Riehl 13 leported 2 cases ot arsphenammc encephalopath) , in the 
hist of which there w r as edema but no liemori hages and micioscopically levealed 
model ate degenerative changes m the ganglion cells and severe disease of the 
glia The) encounteied mciease m glia in the deepest la)crs of the cortex mam 
of wdnch weie undei going severe degeneration One small area of neciosis was 
encounteied in the pulvinar The sevcic glial reaction in the coitex was similar 
to the marked coi tical gliosis encountered in our case 

The pathologic alteiations m the case repoited here consisted ot stasis, edema, 
petechial bleeding, degeneiation and gliosis An occasional nng hemorrhage was 
encounteied The fiesh lecent bleeding took place pi cdommanth in the gra\ matter 
of the coitex, principally m the parieto-occipital legion and seemed to be i elated 
to the rentriculai puncture Older moie widespread peinascular petechial hemoi- 
i hages w r ere represented by small neciotic, ciilnose, pernasculai foci containing 
small numbers of pliagoc)tes loaded with hemosiderin The macroscopic orange 
cyst in the white matter of the frontal operculum represented a hemorrhagic scar 
of this type This cyst was surrounded b) a zone ol deimchnation containing 
numbers of astrocytes A similar lesion w r as described by Globus and Ginsburg 14 

Lesions of a neciotic type, generally small and confined to the gra) mattei 
w r ere a prominent part of the pathologic change in this case One aspect ot this 
necrotic-degeneiative featuie was characterized b\ small focal acellular areas in 
which theie w'as proliferation of ressels and of perivascular connective tissue with- 
out gliosis A second type of necrotic-degenerative lesion was more diffuse and 
confined to the coitex The latter type is of special interest and calls for comment 
This lesion extended foi some distance in the gia) matter of the coitex in a 
laminar fashion The deeper layers were more severely involved, and the patho- 
logic changes consisted of maiked mciease in astrocytes, a spongy state of the 
giound substance and total disappearance of the ganglion cells (see fig 3) In 
the same region the moie superficial layers demonstiated considerable mciease m 
astrocytes, but the spongy state W'as lacking and the ganglion cells w'eie less 
severel) involved Here the piocess seemed of the same type as that encountered 
deeper in the coitex, though less severe and less advanced At times the seveiei 
phase extended throughout the thickness of the coitex This type of lesion 
lesembled the pathologic changes encountered by Poliak and Riehl It seemed as 
though this process was piogiessive and continuous and had affected the deepei 
layers eailier and moie seveiely This conception of progressne degenerative 
changes occurring in the w^ake of a toxic process the acute phase of which had 
subsided w^as of a different order from the changes due to the toxin dnectly wducli 
could be considered as essentially hemorrhagic This lends suppoit to the Mew 
of Baker 15 and Russell 11 that the degenerative features belonged to processes ot 
longei duration and were related to the time factor The necrotic foci encountered 
m oui case, howevei, are unlike those described by Russell, inasmuch as hers w r eie 
simply demyehnating lesions 

The significance of these lesions is not clear Whether they lepresent a 
mapharsen effect is not known Reactions to maphaisen have been too few f , and 

13 Poliak, E, and Riehl, G, Jr Zur Pathologie der Salvarsanschaden des Ner\ens\ 
terns, Jahrb f Psvchiat u Neurol 47 99, 1930 

14 Globus J H , and Ginsburg, S W Pericapillary Encephalorrliagia Due to Arsphen- 
amme So-Called Arsphenamine Encephalitis, Arch Neurol &. Psichiat 30 1226 (Dec ) 1933 

15 Baker, \ B Hemorrhagic Encephalitis Am T Path 11 185 1935 
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consultant saw no indication for surgical intervention since the tonsil and the pharynx were 
normal in appearance The tenderness and swelling of the right side of the neck and the 
slight protiusion of the light tonsil disappeared after three days The fever and chills con- 
tinued The hemoglobin determination dropped to 56 per cent and the erythrocyte count to 
2,430,000 The leukocytes ranged from 7,600 to 13,000 per cubic millimeter, the neutrophils 
varied from 75 to 90 per cent Five blood cultures were sterile Agglutination tests for 
tularemia, typhoid, paratyphoid and undulant fever were negative The Wassermann and Kahn 
tests of the blood were negative The urine was essentially normal Sulfanilamide was 
administered to the patient shortly after her admission to the hospital She received a total 
of 1,290 grains (83 4 Gm ) in twenty-three days The drug had no effect on her condition 
The only other treatment consisted of nine blood transfusions, averaging 250 cc , and general 
supportue measures The oial temperature continued to swing from 99 to 106 F daily There 
were no subjective symptoms other than weakness, anorexia, chills and sweating Genera! 
physical examination disclosed only a soft systolic blow at the mitral area The development 
of a cardiac murmur suggested the possibility of acute bacterial endocarditis, but the negative 
blood cultures and the absence of embolic phenomena precluded this diagnosis 

On May 15 slight swelling reappeared at the angle of the right jaw This was slightly 
tender and similar to that noted on May 4 Because of these signs and because of the per- 
sistence of sepsis, a diagnosis of jugular phlebitis was made despite the negative blood cultures 
and the normal appearance of the tonsil and the pharynx 

On May 16 Dr S Rosenberg exposed the internal jugular vein on the right side Moderate 
difficulty was encountered in exposing the carotid sheath, as the latter was infiltrated and 
adherent to se\eral enlarged, inflamed lymph nodes The internal jugular vein was discolored 
and presented a dull white appearance in contrast to the usual blue color The vein had lost 
its elasticity and was unaffected by the respiratory excursions A ligature was placed about 
the vein m the lower part of the neck, and a small portion was excised There was no mural 
thrombus at the site of ligation, but the wall of the vein was definitely thickened The right 
tonsil was remoied by Dr S Ratner When the tonsil was raised from its bed, about 
2 ounces (59 cc ) of pus gushed from the space behind it In the lateral pharyngeal wall at 
the level of the tonsd was a large perforation through which pus oozed It communicated 
with an abscess cavity which occupied the parapharyngeal space 

The postoperative course was stormy The oral temperature ranged from 96 to 106 F for 
five days On the sixth day the temperature became normal During the next two weeks 
there was no further rise in temperature or recurrence of chills The cardiac murmur dis- 
appeared After a stay of thirty-eight days in the hospital the patient was discharged completely 
recovered At the time of writing she has remained well for four years 

The pus obtained from the abscess yielded a growth of staphylococci on culture The 
pathologic findings were (1) retrotonsillar abscess, (2) perforation of the constrictor pharyngeus 
superior muscle, (3) parapharyngeal abscess, (4) acute cervical lymphadenitis and (5) phlebitis 
of the internal jugular vein 

Summai y — A septic temperature (96 to 106 F), chills and sweats appeared in a patient 
immediately after a mild sore throat and persisted for twenty-six days Transient slight 
swelling and tenderness at the angle of the jaw were the only signs of infection present 
Operation revealed a retrotonsillar abscess with extension of the infection to the parapharyngeal 
space and phlebitis of the internal jugular vein The patient was cured by tonsillectomy and 
ligation of the internal jugular vein 

Case 2— H H, a white man aged 51, previously in good health, became ill on Feb 17, 
1941 with malaise, muscular aches, chilliness, sweating and slight soreness of the left side of 
the throat The oral temperature was 102 F , the pulse rate was 110 and the respirator* 
rate 18 per minute Physical examination disclosed only moderate congestion of the pharynx 
and slight swelling and redness of the left tonsil The sore throat lasted two days On the 
fourth day the patient began to have pain and slight swelling of the right knee, the left elbow 
and the metacarpal joints of the right middle finger The involvement of these joints subsided 
within a week but the fever persisted The oral temperature ranged from 98 to 102 F daily , 
the nulse rate was 70 to 110 per minute There were no subjective svmptoms other than 
anorexia weakness, night sweats and loss of 15 pounds (68 Kg) during the following month 

On March 18 slight soreness of the left side of the throat recurred and lasted two days 
The pharynx was congested, but the tonsils showed no evidence of infection The general 
physical examination gave completely negative results except for the development of a soft 
systolic murmur over the mitral area during the fifth week of illness Repeated urinalysis 
failed to reveal any abnormalities The white cells ranged from 11,000 to 13,000 per cubic 
millimeter of blood, with 80 to 85 per cent polymorphonuclears present 
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Septicemia may be due to a number of causes It is important to determine 
the exact cause m ordei that pioper treatment maj be instituted The purpose 
of this paper is to call attention to one cause of septicemia often overlooked by the 
physician, namely, septic phlebitis of the internal jugular vein or of one of its 
branches 1 This condition is usually called postangmal sepsis or postanginal 
pyemia 2 because it almost always follows an infection of the tin oat Failure to 
lecogmze this dangeious disease has lesulted in many fatalities Early diagnosis 
and operation may save the life of the patient 

Few reports of cases of postanginal sepsis are found m the American literature, 
although German and French observers have published many Two cases are 
reported here to illustrate the clinical picture and the diagnosis of this entity 

REPORT Or CASES 

Case 1 — D W, a white girl of 15, was admitted to the Montefiore Hospital April 21, 193S 
The past medical history was without import The illness began on April 17 with stuffiness 
of the nose and slight soreness of the right side of the throat, the latter lasting about two 
hours On the second day the oral temperature w»as 101 F , the pulse rate 95 and the 
respiratory rate 18 per minute Physical examination disclosed only slight prominence and 
redness of the right tonsil There was no enlargement of the cerucal gland The ears, 
the pharynx, the nose and the paranasal sinuses were normal On the third and fourth day 
of the illness the patient had fever, slight chilliness and sweating but no sore throat 

On April 21 the oral temperature was 105 F , the pulse rate 130 and the respiratory rate 
22 per minute A slight cough had developed during the past few hours Physical examina- 
tion gave completely negative results, the slight redness and prominence of the right tonsil 
were now absent The patient was admitted to the hospital with a diagnosis of central 
pneumonia Roentgen examination, however, revealed normal lungs A specimen of urine 
obtained by catheter revealed no abnormalities The hemoglobin determination was 75 per cent , 
the red cells numbered 3,640,000 and the w'hite cells numbered 18,400 per cubic millimeter of 
blood, with 86 per cent polymorphonuclear cells present 

From April 22 to May 3 the patient was critically ill For davs the oral temperature 
ranged from 96 to 99 F in the morning and from 105 to 106 7 F m the afternoon or evening 
On other days the temperature w r as continuously elevated, 103 to 105 F The pulse rate varied 
from 90 to 140 per minute The patient had frequent severe chills, followed by profuse sweating 
The physical examination, including pelvic and neurologic examinations, gave entirely negative 
results during the first twelve days of hospitalization The clinical impression was sepsis of 
unknown origin 

On May 4 examination revealed a new condition, namely, slight swelling of the right side 
of the neck at the level of the angle of the jaw This w'as slightly tender and seemed to lie 
beneath the sternocleidomastoid muscle At the same time slight prominence of the right 
tonsil reappeared, similar to the finding of April 18 The occurrence of these slight abnormali- 
ties on the same side as the recent soreness of the throat suggested the possibility of a deep 
infection of the neck associated with phlebitis of the internal jugular vein to explain the 
clinical picture of sepsis Operation on the right side of the neck was advised, but a surgical 

1 Mosher, H P Submaxillary Fossa Approach to Deep Pus in the Neck, Tr Am Acad 
Ophth 34 19, 1929 

2 (a) Abt, I A Postangmal Sepsis, J Pediat 1 8 (July) 1932 ( b ) Waldapfel, R 

Die postangmose Pyamie, Ztschr f Hals-, Nasen- u Ohrenh 23 178, 1929 (c) Burchardt, 

S Em Beitrag zur Pathogenese der postangmosen Sepsis, ibid 23 97, 1929 
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BACTERIOLOGY 

The oigamsm most frequently associated with postangmal sepsis is an anaerobic 
streptococcus Sti eptococcus vindans and Sti haemolyticus, Pneumococcus, 
Staph} lococcus albus, Staph auieus and an anaeiobic bacillus have also been 
found m this lesion 3 

ANATOMY 

In older to undei stand the pathologic nature of this disease with its resultant 
clinical pictuie, an appieciation of the anatomy of the paraphaiyngeal space is 
important This has been discussed fulfy by Mosher 4 and otheis 5 6 In the accom- 
panying photogiaph are shown the essential featuies of the paraphaiyngeal space 
The latter is a connective tissue space that lies lateral to the pharynx and extends 
from the base of the skull to the angle of the jaw, a distance of 2 5 cm It is 
=epaiated medially from the tonsil by the superior constrictor phaiyngeus muscle 
The lateral border is formed by the internal pterygoid muscle, the ascending ramus 
of the jaw and the capsule of the paiotid gland The upper ceivical vertebrae 
ccneied by the prevertebral muscles form the posterior boundaiy The paiapharyn- 
geal space contains the ninth to twelfth cranial neives, a few lymphatic glands, the 



extcarotid*'* 

phanjngo max. space 1 


Horizontal section of the head at the level of the tonsil (after Hall nn ) 

internal caiotid aiteiy and the internal jugulai vein It communicates with the 
cianium through the caiotid canal and the jugular foiamen and with the medi- 
astinum by the caiotid sheath 

PATHOGENESIS AND PATHOLOGY 

The souice of this disease is usually an infection m oi about the tonsils 1 Ihe 
disease may occur during or aftei an acute abscess of the thioat, 0 such as an 
mtratonsillar, a pei itonsillar, a letiotonsillar or a retropharyngeal abscess, or it 

3 (a) Beck, A L Deep Neck Infection, Ann Otol , Rhm & Laryng 48 940 (Dec ) 

1939 ( b ) Hirsch, C Septicemia Following Tonsillitis, New York State J Med 35 767 

(Aug 1) 1935 ( c ) Reye, E Zur Pyamie nach Angina, Med Welt 4 1791 (Dec 13) 1930 

4 Mosher, H P Deep Cervical Abscess and Thrombosis of the Internal Jugular Vein 
Laryngoscope 30 365 (June) 1920 

5 (a) Hall, C The Parapharyngeal Space, Ann Otol, Rhin & Lar>ng 43 793 (Sept) 
1934 ( b ) Shapiro, S L Deep Cervical Infection Following Tonsillectom}', Arch Otolarvng 
11 201 (June) 1930 

6 (a) Deermg, W, and Brennemann, J Acute Abscess of the Throat, JAMA 118 

1171 (April 4) 1942 (b) Beck, ALA Study of Twenty-Four Cases of Neck Infection, 
Tr Am Acad Ophth 37.342, 1932 (c) Haymann, L Erhebungen uber die tonsillogene 

Sepsis, Ztschr f Hals-, Nasen- u Ohrenh 35 28S, 1934 
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On March 28 the patient was awakened from sleep bj set ere pain m the left side of the chest 
and difficulty in breathing The pain lasted several hours and was increased bj deep 
inspiration The temperature rose to 103 F Physical examination revealed a pletnal rub 
diminished breath sounds and impaired resonance at the base of the left lung The signs ol 
disease in the chest lasted four dais and were associated with slight cough, but there was no 
hemoptysis The temperature and sweating gradually subsided, and the condition of the patient 
slowly improved during the following week 

Between April 4 and April 11 there was no sweating or elevation of temperature The 
slight systolic murmur at the mitial area persisted The elimcal diagnosis was acute rheumatic 
fever associated with mitral endocarditis and pleunsv 

On April 12 fever and sweating returned The oral temperature ranged trem 99 to 103 F 
daily , and the pulse late varied from 90 to 120 per minute The patient received 60 to 90 
grains (3 88 to 5 82 Gm ) of sodium salicjlate dailv Tiic medication had no eftect on the 
patient’s condition 

On April 24 a severe chill developed, followed by marked sweating Ihe oral temperature 
rose to 105 F, and the pulse rate was 140 per minute Marked prostration was present The 
clinical diagnosis of acute rheumatic fevci seemed untenable The possibility oi subacute 
bacterial endocarditis was considered on account of the sjstohc mitral murmur, but there was 
no evidence of embolic phenomena or of enlargement of the spleen 


The patient was admitted to the hospital on April 28 The hemoglobin determination va c 
87 per cent , the red cells numbered 4,100,000 and the white cells from 9,700 to 14,600 per cubic 
millimeter of blood, with 75 to 80 per cent polymorphonuclears present The urine was normal 
except for occasional red and white blood cells Two blood cultures showed no growth Aggluti- 
nation tests for typhoid, paratyphoid, tularemia and undulant fever were negative The Wasser- 
mann and Kahn tests of the blood were also negative There was no evidence of malaria m the 
blood smears Cutaneous tests with tuberculin were negative A roentgenogram of the chest taken 
on April 30 revealed normal lungs and a normal heart The patient received 60 grams of 
sulfathiazole (2-[paraaminoben7encsulfonamido]-thia7ole) dailv without any benefit 

Because a satisfactory explanation for the persistent fever was lacking, and because the fever 
had followed a mild but definite sore throat, the possibilitv of postangmal sepsis was first 
suspected on May 1, ten weeks after the onset of the illness Examination of the neck 
revealed a localized area of tenderness at the angle of the left jaw but no swelling or 
induration This finding had previously escaped recognition, probably because postangiml 
sepsis had not been considered and the neck Jiad not been carefully examined 

On May 4 pain suddenly developed m the left lower region of the chest, with difficult! 
m breathing, followed by slight cough and slight hemoptysis Physical examination revealed 
impaired resonance and diminished breath sounds over the lower lobe of the left lung Roentgen 
examination revealed an elevation of the left side of the diaphragm and a triangular shadow 
in the lower lobe of the left lung typical of pulmonary infarction It was felt that the entire 
clinical picture could be explained on a single basis, i c , an infection in or around the tonsil, 
complicated by phlebitis of one of the veins of the neck and infarction of the lung The 
patient was seen in consultation by Dr Alexander Colwell, who advised tonsillectomy 

Tonsillectomy was performed on May 5 b> Dr J McCready As the left tonsil was 
lemoved, a large amount of pus welled up from the crjpts There was no pus behind the tonsil, 
and the superior constrictor pharyngeus muscle was intact By cutting across the left tonsil an 
abscess cavity was found, measuring 8 by 8 mm , filled with pus M.croscopicallv, the wall of the 
abscess consisted of a slight amount of fibrous tissue infiltrated by polymorphonuclear an 
lymphocytic cells The pus obtained from the abscess yielded growths of Streptococcus 
haemolyticus and Staphylococcus aureus on culture, but there was no evidence of the tuberc e 
bacillus The right tonsil showed no gross or microscopic evidence of infection 

The temperature ranged from 99 to 102 F for four days after the operation On the fifth 
day it returned to normal The signs and symptoms of involvement of the chest slow v 
cleared up, and the patient’s general condition improved during the following week 1 icre 
was no further rise m temperature or recurrence of sweats The cardiac murmur disappeared 
The patient was discharged from the hospital on May 14 completely recovered At the time o 
writing he has remained well for fourteen months 


Summary — A patient had night sweats and an intermittent fever (99 to 103 F ) for twelve 
weeks following mild pharyngitis and tonsillitis Because of painful joints and a svstolic mitra 
murmur, the condition was first incorrectly diagnosed as acute rheumatic fever The patient 
had two bouts of pulmonary infarction during the fifth and twelfth weeks of his illness Tender- 
ness of the angle of the jaw was the only sign of infection Operation revealed a small 
mtratonsillar abscess Recovery followed tonsillectomy, without ligation of the internal 


jugular vein 
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CLINICAL FEATURES 

The onset of the disease is often insidious, beginning with a mild infection of 
the upper respiratory tiact 21 The soie throat may be slight and fleeting, as m the 
reported cases, and easily overlooked On the other hand, the disease may be 
usheied m with severe symptoms when a marked infection is present m the throat 

The symptoms of this condition may be divided into two categories ( 1 ) local 
and (2) systemic 

The local symptoms — pain, tnsmus, torticollis, dysphagia or hoaiseness — are 
due to the pnmaiy infection of the throat, to the parapharyngeal abscess or to both 
Although local symptoms aie usually present, it is important to remember that they 
may be transient or completely absent, as in the patients described m a foregoing 
section of this paper 7b The absence of local symptoms is deceptive and often 
responsible for diagnostic eriors 

The s}''stemic symptoms aie due principally to suppurative phlebitis of the 
internal jugular vein or of one of its tributaries The symptoms vary, depending 
on the virulence of the infecting organisms They may occur during or immediately 
after the infection of the throat, oi they may be delayed as long as sixty days after 
the primary infection has healed Gb The average patient has a latent or asymptomatic 
period of fouiteen days between the infection of the throat and the appearance 
of sepsis 

The systemic symptoms are those of any septicemia high fever, chilliness or 
chills, sweating, rapid pulse, rapid lespiration and prostration, with or without 
delirium A review of the cases reported in the literature reveals two types of tem- 
peratuie cuives (1) The fevei may be of the septic type and associated with chills , 
(2) a continuous high temperature may be present without chills In unusual 
instances, 30 as in case 2, a low grade or moderate fever, with or without remissions, 
may be present a number of weeks before high fever and chills develop It is 
important to note that chills or positive blood cultures have appealed in only 50 
per cent of the reported cases 22 Their absence, therefore, is of no diagnostic 
importance Jaundice 18b is not unusual and is probably due to damage of the liver 
or to hemolysis of red blood cells The spleen may be enlarged and palpable 
Lesions of the skin, such as petechiae or purpura, may be present 6a Pam 18b may 
occur m the joints, as in case 2, and simulate acute rheumatic fever Secondary 
anemia usually develops The leukocyte count has vai led from 5,000 to 60,000 in 
the reported cases, and usually there has been an increase in the polymorphonuclear 
cells Albuminuria is common Hematuria 23 may occur as a result of infarction 
of the kidney or of complicating nephritis l8b 

There may be symptoms referable to the hypoglossal, glossopharyngeal, vagus 
or accessory nerves as a result of extension of the infection to these nerves as they 
pass through the parapharyngeal space 3b 

Sooner or later grave complications occur Fatal hemorrhage has been reported 
m parapharyngeal infection, due to erosion of the internal or the external carotid 
artery 24 The infection may extend down the carotid sheath to the mediastinum to 
produce severe dyspnea or asphyxia 3a The most frequent complications are pul- 
monary , infarction, abscess, pneumonia or empyema Metastatic abscesses of the 


21 Hirsch 3b Beck cb Hall 7b 

22 Hirsch 4b Beck 8a 

23 Matis, E I Two Unusual Cases of Postangmal Sepsis, Ann Otol , Rhm & Laryng 

49 5S9 (June) 1940 

24 Salinger, S, and Pearlman, S J 
Abscess, Arch Otolaryng 18 464 (Oct ) 1933 

25 Kisshng 7a Dixon and Helwig 173 


Hemorrhage from Phar\ngeil and Peritonsillar 


Knick 14 
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may follow mild tonsillitis 01 pharyngitis 7 In a small percentage of the cases it 
follows tonsillectomy 8 and infections of the ear, adenoids, the floor of the mouth, 
a jaw, a cervical vertebra, a parotid gland, the nose, the paranasal sinuses or 
the mastoid 0 

In most cases of postanginal sepsis, as in case 1, the infection extends from 
the throat through a constrictor phaijngeus muscle to produce cellulitis oi an 
abscess in the paraphaiyngeal space 10 Phlebitis of the internal jugular -vein is 
apt to occur as a result of invasion of the wall of the vein b\ the infection pi esent 
m the parapharyngeal space 11 In a small percentage of leported cases, as apparently 
m case 2, there is no pus in the parapharyngeal space, the lesion is primarily phlebitis 
of the small veins of the tonsil, which may extend through the facial vein to imolve 
the internal jugular vein 12 Whether the lesion imohes the internal jugular vein 
together with its tributaries, or whether the phlebitis is limited to the tonsillar, 13 
the facial 14 or the internal jugular vein, 15 the end lesult is the same The organisms 
directly invade the blood stream 

A review of 105 repoited cases reveals that the degree of phlebitis noted at 
operation or at autopsy varies from slight micioscopic changes in the wall of a 
patent vein 10 to the characteristic whitened and thickened vein containing an 
adherent purulent thrombus 17 In some instances, as in case 1, a whitened, thick- 
ened vein containing fluid blood or fluid pus may be observed or theie may be 
suppurative periphlebitis 18 

An anal) sis of clinical and postmortem observations indicates that there is no 
definite cori elation between the degree or extent of phlebitis and the seierity of 
the symptoms Severe septicemia may occur w'lth slight or marked phlebitis, with 
or without thrombosis 19 Thrombosis is important, however, since infected thrombi 
are frequently responsible for septic infarcts of the lung 20 From these infarcts, 
or as a result of the direct passage of bacteria through the pulmonary capillaries, 
metastatic abscesses may occur in other parts of the body 

7 (a) Kisshng, K Ueber postangmose Sepsis, Munchen med Wchnschr 76 1163 
(July 12) 1929 ( b ) Hall, C Sepsis Following Pharvngcal Infections, Ann Otol , Rhin &. 
Laryng 48 90S (Dec ) 1939 Hirsch 3,) 

8 (a) Reuben, M S Postanginal Sepsis, Arch Pediat 52 152 (March) 1935 (b) 

Shapiro 5b 

9 (a) Beck, A L Parapharyngeal Infections and Internal Jugular Vein Thrombosis 

Diagnosis and Treatment, Laryngoscope 44 431 (June) 1934 ( b ) Reuben 8a 

10 (a) Waldapfel, R Post-Tonsillitis Pyemia, Tr Am Acad Ophth 33 291, 1928 
( b ) Hirsch 3b 

11 (a) Dixon, O J, and Helwig, F C Thrombophlebitis of the Internal Jugular Vein 

as a Complication of Tonsillitis, Ann Otol , Rhin & Laomg 39 1137 (Dec ) 1930 ( ) 

Joel, W Ueber die postangmose Pyamie und ihre Verbreitungswege, Deutsche me 
Wchnschr 55 2133 (Dec 20) 1929 Hirsch 3b Mosher 4 Hall 7b 

12 Fraenkel, E Pyamie nach Angina, Deutsche med Wchnschr 52 93 (Jan IS) 9 
Waldapfel 10a 

13 Hall Tb Beck 9a Waldapfel 10a 

14 Knick Die operative Heilung del tonsillaren Sepsis, Ztschr f Hals-, Nasen- u 
Ohrenh 18 546, 1927-1928 

15 Waldapfel 103 Dixon and Helwig lla 

16 Burchardt 2c Beck 6b Knick 14 

17 Hirsch 3b Mosher 4 Dixon and Helwig 113 

18 (a) Bertelsmann, R Ueber Postangmose Sepsis sive Bakteramie, Zentralbl f Chir 

54 642 (March 12) 1927 ( b ) Rubin, H Pyemia Following Acute Tonsillar Infections, 

Arch Otolaryng 17 183 (Feb) 1933 Kisshng 7a 

19 Bertelsmann, R Postangmose Sepsis und die Lymphbahnen, Zentralbl f Chir 54 
1949 (July 30) 1927 Beck 6b Hall ‘ b 

20 Kisshng 7a Dixon and Helwig lla 
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antenoi boidei of the sternocleidomastoid muscle Occasionall) , theie may be 
some spelling of the paiotid gland with infection of the pai apharyngeal space 33 
These signs, howe\ ei, aie fiequently absent in patients with phlebitis 01 thiombosis 
of the internal jugulai vein , 31 so that they cannot be lelied on constantly in diag- 
nosis Tenderness at the angle of the jaw on the involved side, with or without 
slight swelling, maj be the only piesentmg sign 33 This sign is piesent in most 
if not all cases ,- 3 but it may be tiansient, as in case 1 Unless the disease is kept 
m mind and the neck and the throat carefully and repeatedly examined, the source 
of the sepsis may not be discovered Minor evidence of infection should suffice 
foi the diagnosis paiticulaily wdien all other causes of septicemia have been ruled 
out To w r ait foi the development of maiked edema or tenderness m the presence 
of relatively slight but definite signs may prove fatal Gb To wait foi a positive blood 
culture may also be fatal, since m this condition cultures aie fiequently found 
negatn e 30 

DIFFERENTIAL DIAGNOSIS 


A ieviev r of the hteiature leveals the fact that many patients with this condi- 
tion have died with the clinical diagnosis of “septicemia of unknown ongm ” 1 01 
with a diagnosis suggesting that the disease has been confused with a numbei of 
other diseases The moie impoitant of these are pneumonia, thiombosis of a 
lateral sinus, acute or subacute bacteiial endocarditis, acute lenal infection, blood 
dysciasia, acute osteomyelitis and meningitis 

Pneumonia — Metastatic lesions of the lungs (mfaiction 01 abscess) are common 
in postanginal sepsis and have often been confused with pneumonia 7b In differen- 
tiating these conditions, the history and the sequence of events aie impoitant The 
history of attacks of “pleurisy” or “pneumonia” duung or after an infection of 
the throat, as in case 2 , should suggest the possibility of phlebitis of a vein of the 
neck with pulmonaiy metastasis A careful search must be made of the neck and 
the throat for evidence of this condition Septicema or pyemia may occur in 
pneumonia, but there is usually cleaicut evidence of a seveie pulmonary infection 
from the start The reverse holds true for postanginal sepsis, in which signs and 
symptoms of septicemia precede involvement of the lungs 

Thiombosis of a Lateicil Sinus — 'Postanginal sepsis may be mistaken foi 
thrombosis of a lateral sinus when suppuiation of the middle eai complicates an 
acute infection of the throat 18b Signs and symptoms of sepsis, a positive blood 
cultuie and changes m the eyegrounds are common to both conditions Clinical 
or roentgen evidence of acute mastoiditis is indicative of thiombosis of a lateial 
sinus In the absence of mastoiditis pain, swelling oi tenderness of the neck or 
the throat is highly suggestive of postanginal sepsis When the infection of the 
middle ear and throat occur on the same side, a positive Tobey-Ayer test is of 
no value m differential diagnosis, since an occluding thrombus of the internal 
jugular vein may occur m either condition With otitis on the side opposite 
the infection of the throat, a positive Tobey-Ayer test may be of localizing oi 
diagnostic value 18b A negative test is, however, of no diagnostic impoitance 
since the test is negative with simple phlebitis with a mural thiombus of the 
internal jugular vein or with thrombophlebitis of the tonsillar oi the facial le.n 
Acute oi Subacute Bacteiial EndocaidiUs - The local evidence of postanginal 
sepsis may be slight and overshadowed by septicemia Soft mitral sv stohc mur mu. « 


33 Abt 2a Beck 3a 

34 Beck ob Stahl 27a 

35 Hall 7b Claus 29 

36 Hirsch 3b Hall 7b Beck 9a Claus-"’ 
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bones, the joints, the muscles, the hi am, the livei and the kidneys aie common 
Meningitis 01 infection of a cavernous sinus with oculai symptoms has occui red m 
10 pei cent of the fatal cases Such developments ai e due to rcti ograde extension 
of the phlebitis and involvement of the jugulai bulb and the sigmoid sinus 01 of 
the pteiygoid plexus and the ophthalmic vein in this condition 20 Ihese complica- 
tions may obscuie and pi event diagnosis of the pi unary disease 

The disease pui sues a highly variable couise It may continue for penods 
between a few days and seveial months, depending on the severity of the sepsis 
and the piesence oi the absence of complications 27 Death occurs in almost 100 
per cent of the cases it the condition is untecogm/ed and untreated 20b 

DIAGNOSIS 

As with othei diseases, postangmal sepsis is often o\ci looked cither because 
the physician is unfamilnu with its varying manifestations or because he fails to 
consider such a diagnosis It has been estimated that of every 100 cases in which 
death occui red fiom this disease, in only 20 was the condition iccogmzed during 
life 28 

The development of septicemia or pyemia dui mg oi after an infection of the 
throat should suggest the possibility of suppurative inflammation of the veins oi 
the neck As a rule, the presence of an infection of the throat is evident fiom the 
history and the physical signs but occasionally there may be no clue to the source 
of the sepsis The initial infection may be slight and fleeting,- 1 or it may be present 
weeks befoie the onset of sepsis, cb and thus it may be completely overlooked In 
addition, there may be no local signs or symptoms to direct attention to the throat 
when the patient comes under obseivation with a septic temperature, chills oi 
metastatic symptoms 29 The condition usually' passes under the guise of septicemia 
of unknown origin 1 , the primary disease is overlooked during life and first lec- 
ognized at postmortem examination 

Provided the possibility of postangmal sepsis is consideied, the diagnosis mav 
be made for every patient presenting the clinical picture of septicemia of pyaemia of 
unknown origin Sepsis from other causes, such as diseases of bone oi of the ear 
or acute bacterial endocaiditis, must of course be excluded In the absence of am 
demonstrable cause of sepsis, a histoiy of recent inflammation of the throat, how- 
ever slight, must always lead to the suspicion of phlebitis of the internal jugulai 
vein or of one of its branches Slight swelling of the lateial wall of the pharynx oi 
displacement or swelling of the tonsil may be additional evidence of this disease, f,b 
but the absence of these signs is of no diagnostic value 30 In the presence of a 
normal throat the diagnosis must rest on the history of an infection of the throat 
plus a careful examination of the neck of the patient The involved vein is raielv 
palpable, 20 but swelling, 1813 tendei ness 31 oi mdui ation 32 may occui along the 

26 (a) Long, J W Excision of Internal Jugular Vein for Streptococcic Tlnombi 'Vein 

and Caveinous Sinus Causing Paialysis of Orbital Muscles, Surg, Gynec & Obst 14 86 
1912 ( b ) Claus, H Acht und zwanzig Falle von Pyanue nach Angina, Ztscbr f Hals- 
Nasen- u Ohrenh 21 114, 1929 (c) Hirsch 3 b (rf) Rubm 1Bi > 

27 (a) Stahl, R Zur Kenntis der Thi ombophlebitis und Sepsis postanginosa Deutsche 

med Wchnschr 53 186 (Jan 28) 1927 (6) Fiaenhel 12 

28 Mlechlin, B , cited by Matis 28 

29 Claus, H Bemerkungen zur Pyanue nach Angina, Ztschr f Hals- Nasen- u Ohrenh 
18 557, 1927 Hall™ Claus 2 ®b 

30 Hall 7b Claus 2Gb Claus 29 

31 Hall™ Beck 9a Rubin 18b Matis 23 . 

32 Goodman, C Primary Jugular Thrombosis Due to Tonsil Infection, Ann to 
Rhin & Laryng 26 527, 1917 
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pletely overlooked A history of recent soreness of the throat, fever and chills 
antedating the osteomyelitis should suggest the possibility of septicemia with 
metastatic involvement of the bone A careful search must be made for a primary 
infection of the paraphaiyngeal space 

Meningitis — -Involvement of the central neivous system may occur in the 
course of postangmal sepsis and suggest primary meningitis or meningoencepha- 
litis 7b The diagnosis rests on a careful clinical examination plus studies of the 
blood and the spinal fluid 

TREATMENT 

The treatment is surgical intervention This must come early, before the 
development of metastatic abscesses in the viscera Because time is so important, 
exploratory incision with the region under local anesthesia is indicated if the 
diagnosis is doubtful It is generally agreed that the parapharyngeal space should 
be diamed externally and the jugular vein ligated or excised, 41 although recovery 
has occurred by drainage of the abscess without ligation or resection of the vein ~ u 
Some observers have expressed the belief that tonsillectomy should be performed 
m addition to the operation on the neck 42 In the cases reported in this paper 
tonsillectomy proved life saving, probably because the abscess was either drained 
or removed by this piocedure 

Chemotherapy as a supplement to surgical treatment may be of value m combat- 
ing this condition 

CONCLUSIONS 

Postangmal sepsis is a definite clinical entity that demands early diagnosis and 
operation to prevent death This disease is due to suppurative inflammation of the 
internal jugular vein or of one of its tributaries The possibility that it is present 
must be considered m every case of septicemia of unknown origin The diagnosis 
is easy to make if the following sequence of events is considered (1) An infec- 
tion of the throat has occurred, according to the history or evidence fi om examina- 
tion, (2) a state of septicemia or pyemia has developed A latent period may or 
may not have elapsed between the infection and the tune of onset of sepsis 
A definite diagnosis may be made on finding tenderness, swelling or induration of 
the neck m a patient presenting the characteristic clinical picture, provided all other 
causes for sepsis are first ruled out Swelling of the lateral wall of the pharynx 
or displacement or swelling of the tonsil may be additional evidence of this disease, 
but the absence of these signs is of no diagnostic importance 

6000 Penn Avenue 

41 Mosher 1 Beck Gb Claus 2Gb Claus 20 

42 Beck 3a Beck 0a Claus 26,3 
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may occur in the absence of endocai chtis as a lesult of fevei 01 anemia In such 
instances, as in case 1 , the presence of seveie septicemia and a functional cardiac 
murmur may lead to the mcoirect diagnosis of acute bacterial endocarditis The 
differentiation between septic phlebitis of a vein of the neck and acute bacterial 
endocarditis may be extiemely difficult A recent infection of the throat may 
antedate both conditions The development, however, of embolism or of a munnur 
pathognomonic of valvular heai t disease points to acute bactei lal endocarditis 37 
The development of tenderness or swelling of the neck, as m the reported cases, 
may be the only clue to postanginal sepsis If the condition is unrecognized, bacteria 
entering the general circulation may produce acute bacterial endocarditis 38 

Fever, chills, Sti vindans septicemia, a palpable spleen, secondary anemia, 
the presence of red blood cells in the urine and a sjstolic murmur may be noted 
m a patient with postanginal sepsis and may simulate subacute bacterial endo- 
carditis It is well known that a cardiac murmur does not necessarily point to the 
diagnosis of subacute bactei lal endocarditis, although the absence of a murmur 
is strong evidence against such a diagnosis Subacute bacterial endocarditis is 
differentiated fiom postanginal sepsis by the presence of chronic \alvular or 
congenital heart disease and embolic phenomena 

Acute Renal Injections — Pam and tenderness m the lorn may occur in a patient 
with postanginal sepsis as a result of metastatic abscess and may suggest acute 
pyelonephritis or carbuncle of the kidnej The urine reveals acute pyelonephritis 
if this is present A history of fever or chills antedating the pam m the lorn is 
suggestive of general sepsis with metastatic imohement of the kidney rather 
than of a primal y abscess of the kidney 

Blood Dysci asia — A sudden onset of sore throat, septic fever, chills marked 
piostration and an edematous oi ulceiative lesion of the tonsil or throat may 
occur with acute leukemia oi agranulocytic angina and may simulate a primary 
infection of the throat with sepsis Septicemia, on the other hand, may be asso- 
ciated with a leukemoid reaction or a state of maiked leukopenia that may be 
confused with a blood dyscrasia The coirect diagnosis w ill rest on the clinical 
examination plus a study of a blood smear Although myelocytes are common in 
sepsis, most of the white cells are metamyelocytes and mature polymorphonuclears, 
m contrast with the blood picture of acute leukemia, m which most of the 
cells are myeloblasts, with an occasional myelocyte present 39 In overwhelming 
sepsis the bone marrow may be depiessed to the point of leukopenia but rarely to 
that of agranulocytosis 40 Differentiation between the agranulocytosis of sepsis and 
tiue agranulocytic angina may be difficult oi impossible if the patient is seen 
late in the course of the disease In sepsis the signs and symptoms of infection 
precede the fall in the white blood cell count In agranulocytic angina the reverse 
is observed 

Acute Osteomyelitis — Acute osteomyelitis may be secondary to septicemia 
associated with phlebitis of the internal jugular vein If the signs and symptoms of 
osteomyelitis dominate the clinical picture, the infection of the neck may be com- 

37 White, P D Heart Disease, ed 2, New York, The Macmillan Company, 1931, 

P 344 

38 Artuse, C , cited by Abt 2a 

39 Kracke, R R , and Garver, H E Diseases of the Blood and Atlas of Hematology, 
with Clinical and Hematologic Descriptions of the Blood Diseases Including a Section on 
Technics and Terminology, Philadelphia, J B Lippincott Company, 1937 

40 (a) Bigler, J A, and Brennemann, J Sepsis with Leukopenia (Agranulocytosis) 

in Children, Am J Dis Child 40 515 (Sept) 1930 ( b ) Jackson, H Agranulocytic Angina 

and Allied Conditions, Internat Clin 3 68 (Sept ) 1933 
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Hemorrhagic Disorders and Blood Coagulation 
General Observations 
Essential Thrombopenic Purpura 
Secondary Thrombopenic Purpura 
Nonthrombopemc Purpura 
Hemophilia 

Hereditary Hemorrhagic Telangiectasia 
Platelets 

Capillary Fragility 
Hemostasis and Coagulants 
Dicoumarol 
Anticoagulants 
Prothrombin and Vitamin K 
Hepatic Disease 
Miscellaneous Disorders 
Pregnancy and the Neonatal Period 
Experimental Hypoprothrombinemia 
Methods for Determining Prothrombin 
Substances Possessing Vitamin K Activity 
Substances Possessing Thromboplastic Actnity 
Miscellaneous Observations 
Blood Changes Associated with A^anous Disorders 
Infection 
Nephritis 

Chemical Intoxication 
Methods and Miscellaneous Material 

The number of important investigations on hematologic subjects lecently 
reported is surprising m view of vaitime conditions Many of the contributions, 
of course, relate to work undertaken and laigely completed befoie the entrance of 
the United States into World War II, but there is abundant and gratifying evidence 
that, m spite of necessary curtailments, significant research continues to be carried 
on m many centers throughout the countiy 

Of special interest are repoits from Great Bntain indicating a relationship 
between diminished hemoglobin in women and children and restrictions of diet 
imposed by present conditions It should be appreciated that anemia in such 
conditions is likely to be but one manifestation of the impaired nutritional status 
and the situation presents a challenge to medical and public health authorities to 
provide instruction relative to securing adequate amounts of essential nutnents 
from aA'ailable food materials 

PERNICIOUS ANEMIA AND RELATED MACROCYTIC ANEMIAS 

A number of important papers dealing with pernicious anemia appealed dui- 
mg 1942 Of these, the most significant is that of Fox and Castle, 1 who report 
that m human beings the intrinsic factor is secreted by the glands in the fundus 
of the stomach rathei than chiefly by those m the pyloric region, as in swine 
Other articles of special interest which deal with various aspects of pernicious 
anemia and other macrocytic anemias are concerned with the relation of solar 
radiation to the incidence of pernicious anemia, the chemical composition of the 
antipermcious-anenna factor m liver , the changes in the bone marrow , the 
relation between pernicious anemia and cancer of the stomach, the spontaneous 
occurrence in monkeys of a condition simulating subacute combined degeneration 
of the spinal cord , the presence of hypoprothrombinemia in pernicious anemia , the 

1 Fox, H J, and Castle, W B Obsenations on the Etiologic Relationship of 
Achylia Gastnca to Pernicious Anemia Difference m Site of Secretion of Intrinsic Factor 
in the Hog and in the Human Stomach, \m J M Sc 203*18 1942 
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of the gasti omtestmal tiact to the development of ijeuncious anemia These 
attempts may be summanzed as follows In swine the mtnnsic factor is localized 
to the caidiac, pylonc and duodenal legions, and the cells concerned aie designated 
as the “pjdonc gland organ” by Meulengiacht Sufficient investigation has not 
been made of the intestinal tract as a site foi the intei action of the mtnnsic and 
extunsic factors and the absoiption of the pioduct thus formed On the other 
hand, it is lecogmzed that in patients with pernicious anemia the fundus ot the 
stomach is the chief site of the pathologic changes in the mucous membiane 
Finally, it is stated that even lemoval of the entire region assigned to the 
mtnnsic factor and the distal pait of the intestine m dogs has not pioduced 
pernicious anemia m these animals It is also noted that lesections of the 
stomach and duodenum m man give rise to this fonn of anemia only in excep- 
tional cases In an effoit to obtain new mfoimation, vanous aieas of the hog 
stomach neie resected, and aftei a considei able period the hvei was lemoved 
and a liver extiact piepared This was administered to patients with pernicious 
anemia, m an assay of potency The authois found that total gasti ectomy pei- 
formed on swme eleven months pieviously bi ought about a complete absence 
of the antipermcious-anemia pi mciple in the livei In 3 animals selectne 
lesection of the fundus caused, in periods of one hundred and sixteen, two hundred 
and fifty-eight and thiee hundred and seventy-nine days, a reduction or a complete 
loss of the principle The authors considei that they have demonstiated a lelation- 
ship between the fundus of the stomach and the amount of the specific principle m 
the livei m swme It is their opinion that this is concerned with the utilization 
of the extunsic factoi by the organism 

Petn Jensenius and Thyssen G conclude, aftei extensive expeumental studies 
on dogs, that operative elimination of the pylonc and Biunnei gland aiea m 
the duodenum, thought by some to be the sites m which the mtnnsic factoi 
is elaboiated, did not lesult m experimental pernicious anemia It did cause 
a severe pellagious symptom complex in young dogs and a mil d subpellagrous 
condition in older animals In addition, lesection of the pylonc legion, the 
Brunner gland region and the distal two thirds of the small intestine m 
3 pups did not pioduce a regular state of pernicious anemia On the othei hand, 
these pups showed arrest of growth, emaciation, alterations m the skin and the ban 
and degenerative changes m the neivous system In 2 of the 3 animals there 
appealed hypei chi omic macrocytic anemia and attacks of diarrhea It was the 
authors’ conclusion that pernicious anemia was not pioduced, because (1) the 
operative piocedure did not jeopaichze the foimation of the mtnnsic factoi 
(2) it was not sufficiently extensive and (3) the prevailing conception of the 
intrinsic factor and of the way m which the liver pi mciple is foimed is enoneous 

Olivia and Pitzuria 7 fed a patient with pernicious anemia 100 Gm of lau 
chopped beef and lemoved it fiom the stomach aftei one horn Subsequent!} 
the patient lesponded adequately to the theiapeutic test of mtiamusculai lnci 
extiact The stomach content thus obtained was brought to a p n of 7 5 incubated 
and filteied, and was then adnuni steied to a second patient iwth pernicious anemia 
This patient showed lessening of the diairhea. diminution of the glossitis and a 

~ 6 Petn S , Jensenius, H , and Tin ssen E Experimental Studies on Production 
of Pernicious Anemia by Operation on the Digestnc Tract Results of Combined Clean c 
Resection of the Pylorus and the Brunner-Gland Section of the Duodenum and the Distal 
% of the Small Intestine (on Pups), ^cta med Scandinae 107 532 1941 

7 Olivia G and Pitzurra, M Reticuloce tenfordende und antipernmioce \\ irl vner 
der Komplcx'es, “permzioser Magensaft Fleich” m KrankhcitDallen eon pernino=cr An nine 
Kim Wchnschr 21 733, 1942 
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advantages of the intramuscular tieatmcnt and the tendency to prolong the interval 
between maintenance doses to four weeks 01 longei , the relation of a deficiency 
of vitamin C to relapse in patients with pernicious anemia dm mg the spring 
months, the possibility that polycythemia may icsult occasionally from liver 
theiapy, in general, the failure of methods foi the assay of liv’cr extracts, except 
that of admmisteiing them to patients with pernicious anemia, and the illuminat- 
ing studies on the cause of the disease which have been developed since Castle’s 
earliest conti lbutions 

Etiology — (a) Role of Changes in the Gastrointestinal Tiact Fox and 
Castle confirm the observations of Meulengt aclit, 2 3 4 of Magnus and Unglev 1 and 
otheis that desiccated poitions of the fundus of the hog stomach were devoid of 
antipermcious-anemia activity, whereas those of the pyloric region displayed it 
Furtheimore, they obtained supporting evidence that the distribution of the 
material with blood-forming activit) coincides with the site of secretion of the 
mtimsic factor Then studies on the hemopoietic eftect of desiccated human 
stomach led to the impoitant conclusion that there is in the latter a distinctly 
diffeient distribution of the active substance as compared with that in the hog 
stomach lhus, preparations of the so-called fundic and cardiac areas of the 
human stomach were highly' effective, whereas that of the pyloric area was onl} 
weakly active This led the authors to conclude that in man, not the pyloric region 
of the stomach, but the areas designated as the “fundus” and the “cardia, ' are 
the impoitant sites of the formation or secretion of the intrinsic factor In their 
minds there is no question that in the human stomach it is the type of gland 
that is found in the fundus that is associated with antianemia activity This 
obseivation is important, since it is in accord with the observation that in cases 
of pernicious anemia the fundus of the stomach undergoes degeneration Further- 
moie, if the “pyloric gland oigan” is not an impoitant site of the formation 
•of the intrinsic factor, it is readily understood win the blood pictme of pernicious 
anemia does not develop following partial resection of the stomach in human 
beings, and why the pure duodenal secretion in man does not contain detectable 
amounts of the intrinsic factor 

Cox, 1 in a study of the stomach in 6 cases of pernicious anemia in which 
neciopsy was perfoimed, found extensive changes in the mucosa, similar to those 
described in this disease by Meulengracht and others These alterations were 
sharply delimited from the pyloric zone and could be distinguished from other 
types of “gastritis ” The changes suggested injury to the specific secretory cells 
of the body and fundus of the stomach, with repair by less diffei entiated epithelial 
cells According to the author, there was no evidence of a return to normal in 
the cases m which there had been prolonged therapy In 1 case of sprue 
significant gastric lesions were not shown It was concluded that the gastric 
changes m pernicious anemia were not the result of the anemia but may have 
represented a true etiologic relationship 

It is stated by Petri, Bing, Nielsen and Kjerbye 5 that various attempts have 
been made to determine the etiologic relationship of the status of different parts 

2 Meulengracht, E Histologic Investigation into Pyloric Gland Organ in Pernicious 
Anemia, Am J M Sc 197 201, 1939 

3 Magnus, H A , and Ungley, C C Gastric Lesion in Pernicious Anaemia, Lancet 
1 420, 1938 

4 Cox, A J The Stomach in Pernicious Anemia, Am J Path 18 782, 1942 

5 Petri, S , Bing, J , Nielsen, E, and Kjerbye Nielsen, A Deficiency of Anti- 
permcious Anemia Principle in Liver Extract from Swine After Elective Resection of 
Eundus of Stomach Climcotherapeutic Study, Acta med Scandinav 109 59, 1941 



BETHELL ET AL— BLOOD 


S59 


many of the changes m the blood aie conditioned by states of the digestive 
system and that, on the othei hand, the digestive system may be influenced by 
the composition of the blood 

Joll and Adler 11 give a brief review, with a report of 2 cases of long survival 
after total gastiectomy, which is of inteiest lelative to the lole of the stomach 
m the etiology of pernicious anemia The article deals with 135 repoited cases 
of total gastiectomy, which is defined rigidly as removal of the whole stomach so 
that m the specimen aie found a poition of esophagus at one end and a portion 
of duodenum at the other Such a concise and pi ease definition surely offeis no 
possibility of nnsundei standing Such cases are of special interest because the 
opeiation produces m many lespects an ideal experimental situation in which 
to evaluate the lelation of the stomach to addisoman pernicious anemia Yet, 
as Chester Jones said m his admnable leview on this subject, published m 
1940, “the development of serious anemias is not to be feared An occasional 
macrocytic or microcytic anemia ensues m the couise of months ” Jones concluded, 
according to these authois, that extragastnc lesions must coexist for the pro- 
duction of addisoman pernicious anemia following total gastrectomy, possibly 
due to the destruction of aigentaffin cells in the duodenum, small intestine, colon 
and appendix Furthermoie, m Jones’s opinion an adequate and well balanced 
diet should suffice to prevent occuirence of anemia With impioved surgical 
technic and skill, it is likely that in the futuie complete gastrectomy will be 
pei formed successfully m an increased number of cases In all such cases careful 
studies of the blood should be done, including hematocrit determinations, in 
order that, among othei estimations, the cell volume may be determined at 
intervals Now that Fox and Castle have demonstrated that the cells secreting the 
intrinsic factor are probably m the fundus of the stomach, it would be logical 
to expect that total gastiectomy would be followed by macrocytic anemia There 
must be attached to this statement, however, some qualifying provisions Such 
anemia should develop, provided the patient survives long enough and provided 
no other poitions of the gasti omtestmal tiact can assume in totality the anti- 
pernicious-anenna function of the glands of the fundus It has been shown that 
the duodenal secietion does not contain the mtnnsic factoi and that any activity 
m the ileum is m all piobabihty due to the erytln ocyte-maturing factoi retained 
m the walls of the small intestine while it is en loute to being absoibed by the 
portal system The relatively brief penod of suivival following total gastrectomy is 
probably the greatest deterient to the development of macrocytic anemia In 
the reported cases the average duration of life is w r ell under two years, and almost 
all patients die of metastases The 2 patients whose cases are presented by the 
authois survived thiee years and two months, and thiee years and six months, 
respectively Each had, both befoie and aftei the operation, moderately severe 
anemia, which appeared to be of the type associated with chiomc hemorrhage 
rather than pernicious anemia 

A compi ehensive discussion of achlorhydna and its ultimate significance is 
given by Crohn, 12 but reference will be made here only to that pait concerned 
with the relation of achlorhydria to pernicious anemia He emphasizes that at 
any decade of life a certain peicentage of the normal population lias achlorhydria, 
the incidence begins m childhood and increases w ith each decade up to the age 
of 60 years He states that theie is no explanation for this finding at present 

11 Joll, C A, and Adler, D I Long Survival After Total Gastrectorm A Brief 
Review, with a Report of Two Cases, Brit M I 2 632, 1942 

12 Crohn, B B Achlorhydria Its Ultimate Significance, Tr A Life Insur M Dir 
America 28 74, 1942 
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sti iking increase m the ieticuloc)tes of the cn culatmg blood The maiiow showed 
no changes A second patient who leceived a similar injection impio\ed, but 
not so stukingly It was assumed that the leaction between the gastnc juice 
of a patient with pernicious anemia and meat did not pioduce the active anti- 
permcious-anemia principle but that it did result in the foimation of something 
which stimulated a leticulocyte use The authois conclude that there aie two 
distinct physiologic substances which stimulate ei> thropoietic functions, one for 
the formation of led blood cells and the othei foi the pioduction of icticulocv tes 

Ciandall, s m an article dealing pnmanly with the effects of the absence of 
bile from the gastiomtestmal tiact, makes the lathei startling claim that by the 
establishment of a bile fistula die is able to pioduce a macrocytic type of anemia 
lesembling pernicious anemia in mam lespects Accoiding to him, the blood 
picture is of the macroc)tic, hypeiclnomic type, it is associated with hypeiplasia 
of maiiow erj throblasts , it shows a lesponse to parenteial injection of liver 
extract, and, finally, it shows no lesponse to an) substance or dictaiv factor 
othei than that wdnch is effective in pernicious anemia It is Ins opinion that 
an absence of bile from the gastiomtestmal tiact produces a deficiency of the anti- 
peimcious-anemia factor m the body because of a failure of absoiption of this 
substance These statements are impoitant because, if confinned, they indicate 
that a type of anemia has been pioduced in the dog which close!) resembles 
pernicious anemia in human beings 

A brief but accurate and well presented lesume of the role of the stomach m the 
etiology of pernicious anemia is given as an unsigned leading aiticle in the 
Butish Medical Journal 0 After stating the essential facts of the historical 
development of knowledge in this field, the author comments favorablv on the 
woik of Fox and Castle , 1 in wdnch the appaient discrepancy between the anatomic 
and the biochemical changes in the stomachs of patients with pernicious anemia is 
explained It is remarked that the woik of these investigators has shown that 
there is no discrepancy hut “that the mistake lay in the unnatural identification 
of pigs with men,” which in this instance, at least, was unjustifiable It is very 
properly emphasized again that an mfeience is dangeious when drawn from one 
species and applied to another The aiticle shows the difficulties with which 
investigators in this field are foiced to contend, owing to the fact that they are 
confined to work on human subjects with the disease It is consideied by the 
author that work bearing on the mechanism of pernicious anemia has languished 
during the past five years for at least four reasons lack of a suitable animal for 
experimental work, lack of a laboratoiy test for the liver pi mciple, the lelatively 
intractable nature of the materials m which the intrinsic and extunsic factors 
are located, and the doubt whethei the liver pi mciple can be elaborated by mtei - 
action of the intrinsic and extrinsic factors in vitro 

Weiss and Foldes 8 9 10 give an extensive and detailed discussion concerning the 
mtei relationship between the digestive system and the morphologic picture and 
the chemical composition of the blood, with the gieatei amount of emphasis on 
the latter A schematic arrangement is piesented wdnch show's the many changes 
of the blood found m association with changes m the functional and organic state 
of the gastrointestinal tract, the liver and the pancreas It is emphasized that 

8 Crandall, L A, Jr Effects of Absence of Bile from Gastrointestinal Tract, Memphis 
M J 17 114, 1942 

9 The Stomach in Pernicious Anemia, editorial, Brit M J 1 765, 1942 

10 Weiss, S , and Foldes, E The Digestive System and the Blood Interrelation 
ship Between the Digestive System and the Morphologic and Chemical Composition of the 
Blood, Internat Clm 1 234, 1942 
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pai a-ammobenzoic acid, melanin, insulin, estiogen and andiogen aie all composed 
chemically of benzene 01 aiomatic rings, and he suggests that these substances 
are dependent for their foimation on adequate production of dihydi 0x3 phenyl- 
alanine thi ough the agency of solar radiation 

(0 Studies on the Active Pnnciple of Liver Karrer 1G piepaied a con- 
centrated livei extiact in an attempt to isolate the active principle and lepoits his 
studies on the composition and the chaiactenstics of this pnnciple His method 
consists m exti action with 99 per cent ethyl alcohol followed by 50 pei cent’ 
acetone The lattei is evaporated m vacuo, the proteins are precipitated with 
sulfosalicylic acid and the active principle is extracted with phenol This impure 
prepaiation is then adsorbed on ehaicoal, washed with phenol five times and 
shaken with 75 per cent acetone The active principle is found in the acetone- 
insoluble fi action The pentose content is deci eased, and repetition of the treat- 
ment with acetone results in a pentose-free substance Further impuiities are 
exti acted with water-free pyridine The material thus piepared was highly potent 
when tested clinically Treatment with acetone of different concentrations or 
with ammonium sulfate did not fiactionate it further The pieparations were 
not homogeneous, as was indicated by absorption spectrums, molecular weight- 
analyses and determinations of the coefficients of dialysis through a membrane 
Elementary analysis showed the following composition carbon 45 6 per cent, 
hydrogen 6 7 per cent and nitrogen 14 6 per cent The nmhydrm reaction was 
strongly positive, and the biuret test was weakl)/- positive The ammo nitiogen 
content was 0 75 to 0 9 per cent, sulfui was present, but theie was no pentose, 
piotem or pterm Following an eighteen hour hydrolysis with 20 pei cent hydro- 
chloric acid at 100 C, the ammo nitrogen content mci eased to 9 per cent, and 
the original ammo nitrogen content was doubled by ti)'psm and chymotiypsin 
at a p n of 7 7 m thn ty-eight hours Pepsin in five-hundredth normal hydi ochlonc 
acid did not mciease the ammo nitiogen The preparations were found to con- 
tain arginine and tyrosine but no phenylalanine, piolme, hydroxyprolme, glycine, 
tryptophane or histidine 

In 1935 Erdos, 17 now of the staff of the National Polytechnical Institute of 
Mexico, D F , isolated from 1 Kg of liver 5 8 Gm of a yellowish brown powder 
as a silver salt In this he discovered the piesence of three free COOH groups 
and eighteen -CO-NH- groups and deduced a molecular weight of approxi- 
mately 10,000 Four years later 1S he initiated new expenments, which foim the 
basis for his piesent repoit By acid aqueous exti action, tieatment with barium 
hydi oxide, concentration m a vacuum, addition of 99 pei cent alcohol, filtiation, 
reconcentration and precipitation with a solution of sihei nitiate, he obtained 
a new silver salt having the following composition caibon 67 50 pei cent, 
hydi ogen 6 40 per cent, oxygen 4 60 per cent, total nitrogen 14 40 pei cent, 
ammo nitiogen 140 pei cent, sulfui 0 99 pei cent, phosphoius 106 pei cent sihei 
5 04 pei cent One kilogiam of livei yielded 2 09 Gm of the substance, “which 
was extraordinai lly active m clinical tests” F01 an appioxunate estimate of 
potency, the fractional precipitation with the alcohol test of Schales and the 
authoi’s oiin biologic test (based on the influence of the substance to be tested 

16 Karrer, P Versuche zur Reimgung des Antipermziosa-Fahtors, Schweiz mod 
Wchnschr 71 343, 1941 

17 Erdos, J Die Bewertung von Leber- und Magenpraparalen Biochem Zt<=chr 
277 342, 1935 

IS Erdos, J The Chemical Composition of Lner Preparations Science 96 143, 1942 

19 Schales, O Einfaches Laboratonumsx erfahren zur \ergleichendcn Lcbcrcxtnlt- 
prufung, Klin Wchnschr 16 2 77 , 1937 



860 


ARCHIVES OF INI ERF AL MEDICINE 


No histologic abnoimality is piesent to account foi the achloihydna w Inch is 
found in an aveiage of 5 pei cent of the population He lcgauls anaudit} as 
asymptomatic except in a veiy small peiccntage of these peisons, m whom it 
may cause diarihea He believes that complete anaudiU, 01 achjlia gastnea, is an 
essential pait of the syndiome of pernicious anemia but concedes that “occa- 
sionall}” one meets ivith a patient who has peisistent secietion of hjdiochlouc 
acid We aie not m accoid with this statement, for we legaid ihe so-called 
pernicious anemia m a patient wuth lwdiochloiic acid in the gastnc secietions 
as due to some cause othei than deficiency ot the mtnnsic factoi of Castle In 
the opinion of Ciohn the achloihydna in patients wutli pernicious anemia is 
associated, m most instances, with tine atiophic gastntis, which does not change 
wdien a remission is induced by anti-pei mcious-anenua medication In his 
opinion, insufficient data aie at hand to sa\ how many patients with asymptomatic 
achloihydna wall ultimately hate some tjpe of anemia He wains that if a 
person has anacidity and has a blood idative with pernicious anemia, the situ- 
ation constitutes an added lisle from the standpoint of insuiance With the 
uncertainty as to wdiethei a peison with achloihydna will have pernicious anemia, 
and with available potent therapy, such a lisle is smelt not a great one, and 
moreovei any conclusion in legaid to it should be based on a study of the 
length of life of patients tvith pernicious anemia and of the longevity of then 
blood lelatives Ceitainl), from a theoretic standpoint theie is no reason whj a 
patient with pernicious anemia should not stuvne foi the noimal span of life 
McGotvan 13 gives an extended 1 evietv m which he 'discusses some contro- 
versial points concerning the etiology of pernicious anemia and allied conditions, 
the natuie of the changes in the marrow r and the circulating blood, and the 
relation of subacute degeneration of the spinal coid to the disease 

( b ) Influence of Solar Radiation It had previously been claimed by Smith 5 ' 1 
that theie was a significant 1 elation between a idative lack of solai ladiation and 
the mortality from pernicious anemia in the United States pnor to the theiapcutic 
use of livei Appeily 13 warns that befoie accepting such a conclusion one should 
take into account that vanous additional factoi s may have determining eflect 
Among others, he names altitude, dust, vanous individual and lacial difteiences, 
and possibly unknown conditions The authoi consideis that the relation between 
pernicious anemia and solai ladiation might be mote accuiately shown by an 
attempted correlation of this disease with some othei human malad) which has 
a known relation to exposure to the sun’s rays With this in mind, the moitahty 
fiom pernicious anemia befoie the modern treatment was introduced has been 
compaied with the moitahty from cancel of the skin in the various states of this 
countiy A consideiation of the collected data leads the author to conclude 
that the incidence of cancer of the skill (coriected foi othei causes than exposure 
to sunlight) has an inverse i elation to that of pernicious anemia This lends 
suppoit to Smith’s contention that the incidence of this vanety of anemia is 
1 elated mveisely to the amount of solai ladiation The authoi lcminds us that 
there is a lelatively high incidence of pernicious anemia m blond and pre- 
maturely gray-liaired persons, who aie often ot a eunuchoid type, and that the 
disease is often associated with diabetes He emphasizes that argentaffin gianules, 

13 McGowan, J P Pernicious Anaemia Some Vital Considerations, Edinbuigh 
M J 49 568, 1942 

14 Smith, J H The Relation Between Deficiency of Solar Radiation and Moitalitj 
Due to Pernicious Anemia in the United States, Am J M Sc 188 200, 1934 

15 Apperly, F L The Relation of Pernicious Anemia to Solar Radiation and Skin 
Cancer, Am J M Sc 203 854, 1942 
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that the maintenance lequnements vaiy widel) in difteient patients Fiom a 
piactical standpoint, they do not considei a single led blood cell count, the Pnce- 
Jones measuiement of the led blood cells 01 the estimation of the mean coi pusculai 
volume as feasible types of infoimation foi the guidance of the physician Then 
1 ecommendations aie as follows (1) If the led blood cell count is pei sisiently 
undei 4,000,000 pei cubic milhmetei, 30 to 75 U S P units of lnei extiact should 
be gnen weekly foi two or thiee months, and if this augmented dosage lesults 
m highei blood values, one is justified in concluding that the previous dosage 
was inadequate, (2) if glossitis oi unfavoiable piogiession of the neuial symptoms 
occuis, legai clless of the high level of the led blood cell count, the tieatment must 
be considei ed inadequate, (3) if the patient legams a feeling of bettei health 
when, unknown to him, he is leceivmg a laigei amount of extiact, the original 
tieatment must be legal ded as suboptimal It is impoitant from a piactical stand- 
point to note that when m the 80 patients the interval between the mtiamusculai 
doses of 15 U S P units was fiom one to foui weeks, there was no change in 
the blood level and theie was no neuial i elapse This suggests stiongly that the 
anemia of the aveiage patient can be conti oiled on such a dosage Neveitheless, 
the authois state clearly that piobably ceitam patients lequne moie hvei extiact 
than this amount, paiticularly in the presence of infection or of seveie damage 
to vital oi gans 

Della Vida and Dyke 22 comment on then exp enence in the tieatment of 
patients foi pernicious anemia by mtiamusculai injections of livei extiact. stating 
that only at the beginning of therapy ai e weekly doses given , thei eaftei , the gi eat 
majonty of patients aie maintained satisfactory on doses given once e\eiy two 
oi thiee months They admimstei a dose of 4 to 6 cc of fully potent livei extract 
Widely varying dosages of livei extiact aie used in the tieatment of pernicious 
anemia, owing paitly to custom and paitly to the employment of extiacts of low 
potency, accoidmg to these authois In an eftoit to establish new entena of 
potency, a senes of 125 cases of pernicious anemia weie leviewed, and the i ela- 
tion between the led blood cell count befoie, and its mciease during, the fiist 
two weeks of paienteial injection of livei extiacts has been expiessed by mathe- 
matical equations It was concluded that in a majonty of the cases the i espouse 
exceeded that anticipated fiom pieviously published foimulas and that the led 
blood cell mciease was moie lehable in assaying the potency of livei extracts 
than the leticulocyte lesponse The foimula I 0 93 — 0 214 Eo (m which 1 is the 
aveiage weekly mciease in red cells dui mg the fiist two weeks of tieatment and 
Eo is the led cell count befoie tieatment) has been found to express a satisfacton 
lesponse to treatment and is pioposed as the standaid equation foi the assay of 
the potency of livei extiacts Following this aiticle is a note by Dyke on the 
dosage of livei extiact, m which he lefeis to the action of the Anti-Anemia 
Piepai ations Advisory Boaid of the United States Pharmacopeia and states that 
then units aie based on the red blood cell count and the retieulocite response 
In his opinion the assay should be based entnely on the mciease m the icd blood 
cell count Fuithetmoie, he believes that units should not be utilized but the 
actual amount of liver necessar) to pioduce a led cell i espouse according to an 
accepted formula We considei, aftei a thoiough trial of the piesent U S P unit 
system, that it selves its puipose satisfactonl} , and we see no objection to o\ ablat- 
ing the potency of any given sample of lnei extiact b\ utilizing Doth the led bloon 
cell and the reticulocyte mciease 


22 Della Vida, B L, and Dyke, S C Maximal _ Response to Lncr TJ tram m 
Pernicious Anemia, with a I\ote on Dosage, Lancet 2 275 1%- 
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on anemia induced with phenydhy diazine) weie employed Fuithei, he states 
that the results weie confumed by the clinical test of the leliculocyte i espouse 
It was concluded that foi the piesent the following ideas can he entei tamed con- 
cerning the chemical stiuctuie of the actne fi action of livei extract It is an 
ammo acid complex with thiee fiee COOH gioups, it contains sulfur and 
phosphorus, it is soluble m watei, acids and bases piecipitates with alcohol 
concentrations greatei than 87 pei cent and has a moleculai w eight of 6 000 

Treatment of Pernicious Anemia — In legaid to the tieatment of macio- 
cytic types of anemia Castle 20 makes the following comments First that the 
conditions amenable to anti-peimcious-anenna thciapy aic true addisonian per- 
nicious anemia the maciocytic anemia of piegnancy and, m certain laic cases, 
nutritional maciocytic anemia due usually to intestinal disturbances With the 
.exceptions just noted “all types of anemia fail entnely to respond to such 
prepaiations ” He stiongly advocates the use of preparations dcscnbed in the 
United States Phaimacopeia oi piepaiations accepted In the Council of the 
Amencan Medical Association the potency of which is defined m terms of official 
units It is also emphasized that the most satisfactory foim of anti-pernicious- 
anenua therapy is the inti amusculai injection of a concentiated lnei extract 
The following reasons aie given The extiact is from sixty to one hundred times 
as effective when admmisteied parenterally as when gnen In mouth a small 
volume, for instance 1 cc , containing 15 units, may be injected as mfiequently as 
every two weeks to a month as a maintenance dose, the patient is less hkeh 
to discontinue the pai enteral medication w'hen the blood is noimal, a certain 
unpiedictable numbei of patients in seveie i elapse fail to lespond adequately 
to oral medication, the neural manifestations aie moie amenable to this foim of 
therapy Although liver extiacts contain various membeis of the vitamin B 
complex, it is Castle’s opinion that these aie nonessential to the success of the 
remission, and he consideis then use m the tieatment of pcinicious anemia to be 
a waste of matenal Although he admits that laige amounts of whole oi autolyzed 
yeast may cause uupiovement m patients with pernicious anemia, it is Ins belief 
that probably these agents act only 7 mdnectly thiough the powei to form livei 
extiact in the body He concludes his lcmaiks on theiapy 7 with the sound advice 
that the sole essential foi maintaining continued and complete i emission m perni- 
cious anemia is the exhibition of sufficient amounts of active material by a single 
loute at legulai intervals Finally 7 , he questions the piopnety of continuing to 
employ the adjective “pernicious ’ with leference to the disease, since the advances 
m therapy 7 during the past fifteen years have almost depined it of any 7 meaning 

Strauss and his associates 21 have endeavored to clarify 7 some of the pioblems 
incident to the use of liver extract in the tieatment of patients with pernicious 
anemia Their conclusions aie based on observation of the blood levels of SO 
patients who leceived livei extract m varying amounts and at diffeient intei vals 
ovei a period of fi\ e to nine y eai s As a 1 esult of their studies, they 7 have adopted 
a uniform maintenance dose of 15 U S P units of punfied livei extiact, injected 
every four weeks In the eighteen months dui mg which this plan has been m 
effect, no i elapses have been encountered m the blood, the gastiomtestinal system 
or the nervous system, eithei objective oi subjective They emphasize, howevei 

20 Castle, W B Some Remarks on Therapy for Anemia, New England J Med 
226 903, 1942 

21 Strauss, M B, and others The Treatment of Pernicious Anemia A Nine Tear 
Study of Maintenance Requirements, with a Note on the Efficacy of Purified Liver Extracts 
in the Control of Neural Lesions, New England J Med 226 1013, 1942 
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had been obsened In most instances, desiccated stomach theiapy had not been 
used m a sufficient numbei of patients to enable the obseivei to expiess an opinion 
as to its efficacy Dilute hydiochlonc acid was thought to be of little value, and 
ai seme congo led and choline were not considered helpful in the tieatment ot 
this disease It is of mteiest that all of the conti ibutois to the symposium favoied 
the admmistiation of non, especially m the eaily stages of remission, when the 
led blood cells mciease mote lapidly in numbei than does the hemoglobin content 
of the cii dilating blood Consequently, at this stage of theiapy the coloi index 
commonly falls below 1 Theie may be a gieatei need for supplemental non in 
Geimany because of dietaiy deficiency 

Fulleiton 25 assigns the responsibility foi inadequate maintenance theiapj in 
cases of pernicious anemia to those piactitioners who aie ignoiant of the elemental}' 
theiapeutic pnnciples employed m ti eating the disease Accoidmg to him, main- 
tenance treatment is frequently 1 educed to giossly insufficient dosages, or patients 
ma)' even be advised that theiapy is unnecessary as long as they feel well He 
Mains that such management may lead to progression of subacute combined 
degeneiation of the spinal cord He veiy piopeily advises his patients that 
tieatment must continue thioughout the lemamdei of life He concludes by stating 
that if all piactitioners realized the impoitance of adequate maintenance theiapy 
the death late fiom pernicious anemia would show a sharp decline He emphasizes, 
fuithennoie, that tieatment should be controlled by examinations of the blood 

Accuiate diagnosis of blood disorders, based on the changes in the blood and 
on the clinical features, is emphasized by Vandersluis 20 as a prelude to the 
mauguiation of therapy He states that in making the diagnosis of pernicious 
anemia one should keep in nund maciocytosis, leukopenia with lelative lympho- 
cytosis, and megaloblastic hyperplasia of the manow The clinching pi oof of 
the identity of the disease is the l eticulocyte response to livei therapy The 
authoi is awaie that the hematologic changes seen m pernicious anemia may occui 
m other conditions and accoidmgly reminds the leadei that the diagnosis depends 
on the clinical features of the disease as well as on the laboiatoiy findings 

Dyke- 7 comments on the soundness of the oidei of the British government that 
onl} liver piepaiations suitable foi injection will be made m England henccfoith 
He points out that the oral mode of administration is wasteful and that. e\en 
though pi eparations will be available foi mtiamuscular injection, the) should be 
admimsteied judiciously By this is meant that they should be gnen onl) to those 
patients whose disease has been established definitely as pernicious anemia by the 
utilization of all modem diagnostic methods, and to such patients in the minimum 
adequate dosage Furtheimoie, a plea is made to establish m England a standaid 
statement of the potency of the type of liver extiact hidden under the trade name, 
especially now that a biand fannhai to the physician may often be tempoiauh 
unobtainable 

Dyke, Della Vida and Delikat 28 have obsened the tendency of patients with 
pernicious anemia to i elapse dunng the spnng of the )eai and attnbute tins to a 
deficiency of vitamin C This conclusion is based on the successful treatment of 

25 Fullerton, H W Pernicious Anaemia, Brit M J 2 291, 1942 

26 Vandersluis, C Hematologv of Pernicious Anemia Minnesota Med 25 36 , 3942 

27 Dyke, S C Husbanding of Lner Extracts, Lancet 1 185 1942 

28 Dyke, S C , Della Vida, B L, and Delikat, E Vitamin-C Deficient m Tin. -pen- 
sive” Pernicious Anaemia, Lancet 2 278, 1942 
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Askey 23 advocates, as the loutme tieatment foi pernicious anemia an initial 
mtiamusculai injection of a massne close of In u extiact followed by monthl) injec- 
tion of doses sufficient to leplemsh the utilized mateiial He assumes that a noimal 
human livei, weighing 1,500 Gm , stoies appioximatch 125 to 225 U S P units 
and that this is appaientl) exhausted when the patient has se\cie anemia This 
amount plus that needed by othei bod 1 * tissues in i elapse should icpiescnt seceial 
hunched units The pioceduie now used tcntatnel) at the Los Angeles Geneial 
Hospital is as follows One cubic ccntnnetei ot a concentiated lnei cxtiact con- 
taining 15 U S P units, is admmisteied mtiamusculai 1} If theie is no untowaid 
leaction, the following day 9 cc is injected This bungs the total do^e to 150 
units Thereaftei, at monthh mtei \als a dose ot lnei extiact containing 30 units 
is given Vitamin B is not piescnbed as it is thought that the vitamin needs aie 
supplied by the lnei extiact and by a geneial diet It the gastiomlestinal sunp- 
toms peisist attei the blood letmns to noimal dilute lnchochloiic acid is gnen 
but this has laiely been found necessan Occasional!}, in conjunction with the 
lnei theiap), medicinal lion is admmisteied 

A s)mposium on the tieatment of jieinicious anemia is given" 1 b\ a group ot 
the leading internists of Germany, including Pleilmeyei, of Jena, Nonnenbruch, 
of Fiankfort on the Mam, Ploft, of Giaz, Schilling, of Rostock, Bmgold, of 
Nuremberg, and Budmg, of Berlin As their opinions concerning the tanous 
aspects of theiapy aie much in accoicl, no attempt will be made to lecord mdnidual 
statements In general, it was agieed that the mtramusctilai injection of lnei 
extract is the best foim of theiap) Usualh a jnejiaiation coiicsponchng to a 
purified solution of liver USP was given in doses of 2 to 4 cc c\ei\ two to 
four w 7 eeks Some patients w 7 ere treated as often as once a w eek , othei s espe- 
cially those who did not return foi obseivation at legulation intenals weie gnen 
‘depot injections”, i e , 5 to 10 cc ot a potent lnei extiact was injected intia- 
musculaily eveiy four to six weeks The fact that no test animals aie atailable 
makes the gieatly desired standaichzation of lnei piejxuations foi parenteial use 
impossible, and consecjuentl) , as one conti lbutoi said, “the patient lnmselt must 
be the test object” In no instance was a jiatient with uncomplicated pernicious 
anemia found to be lefi acton to potent theiap} It w r as said, howetei that 
ulanun deficiency might inhibit the anticipated l espouse The maintenance dose 
of livei extiact was consideied to \ai} gieatl) with difteient patients, just as does 
the dose of insulin foi patients with diabetes melhtus One patient who stopped 
therapy had no l elapse foi a yeai and a half That is unusual, but the example 
selves to lllustiate that the maintenance dose is not the same for all patients It 
w r as geneially agieed that an mci eased amount of theiapy is lequned by oklei 
patients and by those m whom infection develops The injection of an excess of 
liver extiact is not legal ded as a waste, for any amount o\ei immediate demand 
is stored in the body and utilized when needed The lesults in the subacute 
combined degeneiation of the coid aie not as sti iking as m the anemia, but in all 
instances the piocess is aiiested and m some a lemaikable impiovement occuis 
Usually, laige doses of livei extiact aie injected, m combination with paienteial 
injections of vitamin B, One conti ibutor advised that 4 cc be injected mtra- 
musculaily daily foi weeks, m combination wath paienteial injection of vitamin IT 
There was umfoim agreement that no case of the achiestic anemia ot Wilkinson 

23 Askey, J M Pernicious Anemia Adequate Veisus Optimum Treatment, Cali- 
fornia & West Med 56 72, 1942 

24 Heilmeyer, L , Nomrebracli, W , and Fox, F Die Bioerkmaszigste Art der Behand- 
lung der perniziosen Ananue, Med Kim 38 169, 1942 
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status of the gasti ic secretion bears an} r relationship to the development of polyc 3 r tlicmia, 
with the single exception that so fai as the blood values are concerned, pernicious anemia 
in relapse and polycythemia cannot coexist simultaneously 

George R Minot adds his comment, as follows 

I do not think that patients with pernicious anemia wall develop poljcythemia with a 
return of free hydiochloric acid in the gastnc contents 


We wish to add that we aie m entne accoid with the statements of both Castle 
and Minot 

Feiraiy, 32 m a study of the eiythienuc lesponse'to hvei theiapy, piesents 
the case of a 64 yeai old woman wuth pernicious anemia complicated wuth 
diabetes mellitus m whom theie developed an excessne mciease of ted blood 
cells and hemoglobin aftei mtiamusculai adnumstiation of livei extiact This 
patient had been tieated when in 1 elapse, and hei blood promptly letumed to 
nounal After a penod of approximately a year, howevei, dm mg which time 
she had been given livei extract m doses of 10 U S P units weekly, she was 
iound to have a hemoglobin level of 131 pei cent and an eiythiocyte count of 
10,650,000 pei cubic millimeter After the therapy had been omitted foi about 
one month, the hemoglobin value was found to be 120 per cent and the eiythiocyte 
count 6,250,000 Two w^eeks latei the theiapy w ? as lesumed, with doses of 10 units 
being given eveiy three weeks, and aftei an intei val of appi oximately eight months 
the hemoglobin w^as 100 pei cent and the led blood cell count 5,050,000 Accord- 
ing to the author, theie aie three possible explanations of the eiythremoid reaction 
(1) The admmistiation of livei extiact may have been continued thiough a period 
of spontaneous l emission, (2) the patient’s hemopoietic response may have been 
overstimulated by a relative ovei dosage of livei extiact, (3) pei haps, associated 
diabetes produced the condition by dehydiation and hemoconcentiation It is 
consideied that, of these possibilities, the fiist is the most likely explanation, and 
hence it is his view' that the eiythiemoid blood pictuie could not be lepioduced 
without the assistance of a spontaneous 1 emission This case m oui opinion is 
unique, as a similai one has not been obseived by us m appi oximately fifteen yeais 
dui mg which many patients have been tieated, some with exceedingly laige doses 
Cei tamly, fiom a piactical standpoint theie is no dangei of ovei treatment , m 
fact, the gieat difficulty in the theiapy of the disease is to guaid against undei- 
treatment Whatevei may have been the cause of the inci eased led blood cell 
count, m oui opinion it piobably w r as not related dnectly to livei extiact therapy 

Bone Mciuow in Pernicious Anemia — Davidson and his associates 33 have 
made a study of the changes obseived in films piepaied fiom sternal manow in 
cases of pernicious anemia befoie, and at vanous shoit intei \als aftei, the initia- 
tion of livei theiapy To obtain a woiking classification, they divided all enlhro- 
blastic maiiow cells m Romanowsky-stamed films into four types, differentiated 
chiefly by nucleai stiuctuie For the detailed characteristics of the foui gioups, 
refeience should be made to the original aiticle The} obseived that within six 
to ten horns aftei the initial injection of livei extiact there is a reduction m the 
mean size of the predominant cells, accompanied by a stuffing alteiation in the char- 
acter of the nucleus In other words, type II increases m ficquencj at tire 
expense of type I, which is the most pimutive tjpe After thirty -two to seventy - 


32 Ferrary, P B Erythremic Response to Lner 
Anemia, J M Soc New Jersev 39 19, 1942 

33 Davidson, L S P , Dans, L J and Innes T 
Erythropoiesis as Obsereed bj’ Serial Sternal Punctures in 
Quart J Med 11 19, 1942 
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patients by the admmisti ation of \itamm C and continuation of exactly the same 
dosage of livei extiact The authois contend that the diet of the geneial popula- 
tion of England undei wat conditions is known to he deficient m this \itamin 
Accoidmg to them, e\en with ample dosage of h\ei extract hemopoiesis cannot 
he letuined to noimal m the face of a deficiency of -vitamin C 

Cole 20 lepoits the case of a 3 week old infant who had pionounccd macroc) tic 
anemia wuth a led blood cell count of 2,630,000 per cubic milhmetci and a 
hemoglobin value of 54 pei cent Noimoblasts, mcgaloblasts and primal} erjthro- 
blasts w'ete piesent in the penpheral blood Following a single mtiamusculai 
injection of lnei extiact, theie was a icticulocjte use to a maximum ol 22 5 pei 
cent on the seventh clay aftei tieatment, and e\cnUull\ a comjiletc hematologic 
and clinical lecovei) It is suggested that the child began life with a deficienct 
of the anti-peinicious-anenna principle and that treatment with sulfapvridme 
( 2 - [paiaammobenzenesulfonamido] -pyridine) and sullamlamide for a pulmonan 
infection may hare been conti lbutmg lactors 

Nutritional maciocjtic anemia which responded to lnei extract in an infant 
4 months old is repoited hr Fonts and Garhei 30 The infant had sufleied fiom 
vomiting, had lefused to take food and had lost weight It nia\ he of importance 
that the mothei during gestation had eaten no meat on account of previous toxemia 
of piegnancy The red blood cell count was 910,000 per cubic millnnetei There 
was no response to iron, bmveis’ }east and \anous pieparations of the vitamin B 
complex The mean coipusculai volume was 92 cubic micions It was assumed 
that the maciocytosis was moie pionounced piioi to blood transfusions Follow- 
ing the mtiamusculai injection of 0 25 U SP unit of ptuificd livei extiact daily , 
the leticulocytes lose to a peak of 26 8 pei cent After three months of lnei 
extract therap), the child had gamed approximate!} 5 pounds (2 268 Gin) m 
body weight ,and the blood was noimal According to the authois, this condition 
is not common It most fiequently apjiears aftei an infection of the upper 
respiratory tract followed by vomiting or dianhea or both These patients are 
notably malnourished and fail to gam weight on change of formulas Appaientlv, 
the anemia in this patient was due to madequac} of the amount of extnnsic factor 
in the diet plus deficiency of protein intake in the mothei during gestation 

Goldstein 31 by a seaich thiough the liteiatuie and bj personal communica- 
tions has investigated the question whether pohcvthenna may be induced by liver 
treatment m patients with pernicious anemia The evidence accumulated w r as 
much against this possibility The leply of W B Castle, of Boston, is the most 
complete answer to the inquny, and it is quoted in lull 

The only suspicion of erythrocytosis in connection with the therapy of pernicious anemia 
which I have observed is the occasional patient who, before the hemoglobin reaches a normal 
value, may have transiently a red blood cell count of to 6 million I take it that this is 
not, however, polycythemia because of the normal oi subnormal hemoglobin -\alues 

I was very much interested in Birnies’ report and considei that lus patient lepiesented 
a chance association between whatever factors make for poljcvthenua vera and whatever 
factors make for pernicious anemia The remission produced in the pernicious anemia b> 
adequate liver therapy allowed the polycythemia to express itself 

So far as I know', it is impossible to raise the red count or the hemoglobin above normal 
in normal individuals by liver extract or iron therapy, so that I consider it unlikely that the 

29 Cole, L Hyperchromic Anaemia m an Infant Response to Liver Extract, Lancet 
2 759, 1941 

30 Fouts, P J , and Garber, E Nutritional Anemia in an Infant Responding to Purified 
Liver Extract, Am J Dis Child 64 270 (Aug ) 1942 

31 Goldstein, H I Pernicious Anemia Alternating with Polycythemia Polyglobulia, 
Rev Gastroenterol 9 406, 1942 
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ably to livei theiapy wheieas the anemia -which is not associated with megaloblasts 
is lefractory to this theiapeutic agent Isiaels 37 has lecenth identified seven dif- 
feient types of etythioblasts wheieas Davidson and Ins associates dnide these 
cells into foui gioups, but it is pointed out that peihaps it is sufficient foi the 
clinician to know whether the maiiow is pi edonunantly megaloblastic 01 piedomi- 
nantly noimoblastic or mixed m charactei 

Isiaels 37 m leply to seieial letteis of cnticism with legal d to the diagnosis 
of pernicious anemia and with special lefeience to the clinical study of the mai- 
iow, emphasizes that m hematology, as m othei fields of medicine, the diagnosis 
depends on a considei ation of the vdiole pictuie as piesented by all of the mfoima- 
tion available He considers that the most impoitant mfoimation obtained fiom 
the maiiow with refeience to the diagnosis of anemia is whethei the maiiow is 
hypoplastic, hypei plastic or about noimal and whethei it is megaloblastic 01 noi- 
moblastic Accoidmg to him, megaloblastic maiiow occuis in pernicious anemia, 
in the lefractoiy achrestic anemia and in certain types of nutritional anemia, such 
as that accompanying spiue “Apait from these,” he states, “in my extensive 
expenence, normoblastic mairow is always piesent ” He considei s, theiefore, that 
the total change in the maiiow is of diagnostic impoitance He does sternal punc- 
ture commonly, according to the following indications any doubt about the 
diagnosis, such as a histoiy of failuie of liver therapy, unusual age 01 exceptional 
clinical signs or symptoms, grave anemia with an equivocal blood pictuie, and, 
finally, any case the subject of leseaich about which the fullest mfoimation is 
desirable 

Wilson 38 gives a most compiehensive leview of piesent knowledge of the 
maiiow m anemia, including the historic aspects, and devotes considei able discus- 
sion to the changes which occui in pernicious anemia He has descnbed senal 
examinations of maiiow in cases of pernicious anemia, the specimens being 
obtained during 1 elapse, before tieatment, in 1 emission and again m an early stage 
of 1 elapse It is his conclusion that, following liver theiapy, theie is lipenmg 
of the abnoimal megaloblasts, without the development of fuither megaloblasts 
He is also of the opinion that there is initial tempoiary stimulation and then, latei, 
lessei but moie piolonged stimulation of the definitive noimoblastic cells He 
does not regaid the abnoimal gianular cells piesent m pernicious anemia or the 
megaloblastic cells as repiesentmg a leveision to embiyomc eiytlnopoiesis He 
concludes that a reappeal ance of the megaloblasts dui mg a i elapse is due to 
megaloblasts which have persisted m the mairow m numbeis too small to be 
detected m aspnated material The megakaryocytes aie i educed in numbei in the 
maiiow of patients with pernicious anemia wdio aie untieated eithei dunng 
i elapse oi dunng remission His observations of the marrow of patients with 
subacute combined degeneiation of the spinal coid in Avhom theie was no anemia 
indicated that the only abnoimality piesent w r as the “giant stab foims” He 
suggests that possibly these may lepiesent the initial change in the maiiow m 
patients wuth pernicious anemia 

DacieA m discussing the diagnosis of pernicious anemia b) means of sternal 
punctuie, states that it is exceedingly difficult to distinguish between megaloblasts 
and pmnaiy ei} tin oblasts He believes that they meige imperceptibly into each 
othei Howerei, he finds the following woikmg hypothesis helpful Megaloblasts 
aie considei ed to be pinnan en tin oblasts of \ai\ing matiuit\ which because 

37 Israels, M C G Diagnosis of Pernicious Anaemia, Lancet 1 -18 7, 1942 

3S Wilson 1 12 Bone Mairow in Anaemia, M J \ustralia 1 513 1942 

39 Dacie, T V Diagnosis of Pernicious Anacmn, Lancet 1 : 20, 1942 
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two horns the change is still moie pi enounced, as the pietuic is dominated In the 
even moie matui e t\pe III cells In othei woids, the megaloblastic picture 
becomes noimoblastic The authois aie inclined to believe that the mechanism 
undei lying the widespiead cellulai change is a duecl physicochemical piocess due 
to the action of the lnci extiact, lathei than cellulai mitosis They believe also 
that the lapidity of the change fiom a megaloblastic to a noimoblastic man on 
suppoits the view that noimoblasts can be demed dnecth fiom megaloblasts 
Furtheimoie, they considei that they have collected evidence fiom a study of the 
sternal maiiow in cases of scveie untreated non-deficienc) anemia and hemohtic 
anemia which suggests that undei scveie and piolonged stiam the noimoblastic 
may leveit ton aid the megaloblastic blood pictuie If this oecuis accoiding to 
the authois, it is additional endence that megaloblasts and normoblasts belong 
to one developmental senes 

In a lettei to the editoi of the Lancet, Dandson, Davis and limes 31 uige 
that the clinician who is not engaged in leseaich in hematologv rely on intelligent 
studies ot the penpheial blood as Ins diagnostic mamsta} m dealing with various 
diseases of the blood lathei than on a stud} of the sternal man on Thev contend 
that sternal punctuie is necessai} only in the occasional cases in which anemia 
fails to lespond to adequate doses of lnei extiact 01 non 01 in which purpuia or 
leukopenia is an unexpected piesentmg featuie Fuitheimoie in such cases a 
helpful intei pi etation of the manow can be given onl} by those who have had 
considei able expenence in such woik It is emphasized also that the diagnosis of 
pernicious anemia and of other disoideis of the blood is not made on the pies- 
ence 01 the absence of an} paiticular cell type, such as the megaloblast, but on the 
fiequency distubution of the vanous cells constituting the mariow In the same 
issue of the Lancet is a communication by Muna }, 33 who likewise states that 
pernicious anemia can be, and still is, diagnosed b} phjsicians who lecognize the 
clinical pictuie and call on the pathologist to confnm it by an mtei pi etation of 
the blood pictuie He mfeis, and very piopcrl} in 0111 minds, that a complete 
examination of the blood, with a halometei leading, followed by a leticulocyte count 
made aftei an adequate dose of a potent livei extract can confiim the diagnosis 
m most instances 

In an editoi lal leview entitled “The Clinician and the Megaloblast ’ 30 it is 
stated that the piesence of the megaloblast m the blood and the mariow indicates 
a reveision to the embiyomc type of foimation of led blood cells To the clinician, 
fiom the time of Ehilich the megaloblast m the blood stieam meant stiong suppoit 
for the diagnosis of pernicious anemia After a lapse of some }eais, m 1927 , the 
impoitance of the megaloblast m this disoidei leceived lenewed emphasis from 
the woik of Peabod} This mvestigatoi obseived that livei therapy caused a 
megaloblastic manow to change lapidly into a manow m which noimoblasts and 
then matui e eiytlnocytes piedonnnated His conclusion assumed logically that 
livei extiact hastened the maturation of the led blood cells m the manow With 
the widespiead use of the sternal punctuie, a laige amount of information has 
accumulated about this problem It is now thought that theie aie two inter- 
changeable senes of eiythroblasts — megaloblasts and noimoblasts — which aie 
derived fiom a common basophilic stem cell (proeiy tin oblast) It is a common 
belief that the anemia associated with megaloblastic hypeiplasia will respond favoi- 

34 Davidson, L S P Davis, L J, and Innes, J Diagnosis of Pernicious Anaemia, 
Lancet 1 428, 1942 

35 Murray, D S Diagnosis of Pernicious Anaemia, Lancet 1 428, 1942 

36 The Clinician and the Megaloblast, editoi lal, Lancet 1 358, 1942 
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tremor of the hands, spastic paraplegia affecting the hindlegs wobbling rapidly 
increasing ataxia with progressive diminution of power and finally complete 
flaccid paralysis of the hindlimbs and tail The limb reflexes at first increased 
were absent m the final stages of the disease Loss of sensation was a late simp- 
tom in most cases The histologic picture of primary degeneration of the spinal 
cord m monkeys appears to be indistinguishable in its mam features from that of 
subacute combined degeneration m man The primary lesion is not sclerosis but 
true softening w ith fatty degeneration of the m\ elm sheaths and subsequent disap- 
pearance of the axis cylinders without any inflammatory gliosis The histologic 
resemblance however, is no criterion for the belief that the} are identical diseases 
Much more comparative study must be done before the identit} of the two con- 
ditions can be established The possibility is mentioned that the disorder ma\ 
arise from a vitamin deficiency Suggestive evidence was obtained that a product 
equivalent to a purified solution of liver U S P containing vitamin A 3EL and B, 
might be of real benefit in the condition 

The case of a man aged 24 with pernicious anemia and subacute combined 
degeneration of the spinal cord is presented and discussed by Ranson and Reback ’ ' 
The neurologic condition vv as noted at a relativ ely early age the response to therapv 
was remarkably good and there were some interesting hereditary features The 
earliest manifestations of pernicious anemia appeared at the age of 22 vears and 
those of subacute combined degeneration of the cord at 2-t years The latter 
developed despite oral liver therapy which did not keep the blood entirely within 
normal limits but m the vicinity of 1 000 000 red blood cells per cubic millimeter 
at least for part of the time When first observed bv the authors the voung man 
was moribund complete!} parahzed in both legs and ps}chotic After massive 
doses of liver extract and thiamine had been given parenterally followed bv mas- 
sage passive and active exercises and as soon as feasible, reeducational walking 
exercises he improved remarkabh Four months after his discharge from the 
hospital he returned to work discarded his cane and could walk as far as 14 
blocks without difficult} Sixteen months after discharge his gait appeared to be 
normal but it should be noted that there was persistence of Inperreflexia and of 
pathologic reflexes and that the vibrator} and positional sense of the legs was still 
impaired The authors suggest that the remarkable improvement was due to the 
parenteral administration of large amounts of liver extract and thiamine and to 
the early initiation and vigorous continuation of physical therap} and reeduca- 
tional measures The continued improvement they attribute m part to the main- 
tenance of the patients red blood cell count above 5 000 000 cells per cubic 
millimeter by intramuscular injection of appropriate doses of liver extract We 
are m accord with these statements but would like to emphasize that one other 
aspect of this patients illness was of favorable significance with reference to live 
changes m the spinal cord name!} that although he had experienced the swmp- 
toms of pernicious anemia for about two years the changes m the spinal cord had 
been present for only about four months Experience has shown that the duration 
of the neurologic manifestations bears a greater relation than does the extent of 
the changes to the decree of subsequent improvement Another interesting phase 
of subacute combined degeneration of the spinal cord is emphasized bv d e afore- 
named authors namelv the hereditary tendenc} winch undoubtedly p'av = 
important role in its etiolog} The} refer to previous r> ub • i cat i on = In ,ano n 
authors v ho have reported the occurrence cf subacute combined degenerat rn m 
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of retaided development, may leceive hemoglobin at an unusuall) eailj age and 
theieby become pol) cln omatic 01 oithochiomatic This quantitative change may 
be observed m all degiees of intensity accoidmg to the lates at which the cells 
develop and the stages of development at which the hold-up occurs In patients 
with pernicious anemia m seveie 1 elapse, the matui ation of the hcinocv toblasts 
and of the eaily pnmaiy ei}thi oblasts is anested, and many of the nucleated cells 
containing hemoglobin aie laige and have lelativclv nnmatuie nuclei In certain 
othei obscure types of anemia the matin ation is delayed at a latei stage and 
consequently the megaloblasts, if piesent, aie smallei and moie mature 

In an abstiact of a papei piesented befoie the New England Pathological 
Society, Williams 10 lepoits on histologic studies of megaloblastic maiiow which 
were made foi the pui pose of detei mining the ciitena b} which the megaloblastic 
can be distinguished fiom othei leactions ol the maiiow The matenal studied 
consisted of 10 specimens of sternal mariow obtained in 9 cases of pernicious 
anemia in lelapse It was concluded that the megaloblastic hyperplasia seen m 
sections of sternal maiiow fiom patients with a icd blood cell count of 2,000,000 
pei cubic millimetei oi less piesents the following highly charactcnstic picture 
a pronounced mciease m cellukmty , the piesence of laige nnmatuie basophilic 
cells, which are clumped togethei in islands and sinuous columns foiming a 
lacehke netwoik throughout the maiiow, the absence ot definite islands of mature 
and moderately matui e eiy thiopoiesis , the occuuence of fiequent foci of gianu- 
lopoiesis composed almost exclusively of matui e neutiophihc myelocytes, meta- 
myelocytes and polymoi phonucleai leukocytes, a sti iking decicase in the mimbei 
of megakaryocytes 

It is believed by Limaizi and Levinson 11 that the amitotic and multipolai 
erythropoiesis which the) observed in aspirated specimens ot marrow horn a 
patient dying of a laie condition maj explain the lapid conveision of megaloblastic 
to noi moblastic maiiow following the adnnnisti ation of livei extiact to patients 
with pernicious anemia They also conclude that evidence is available to suppoit 
the belief that two different types of eiy thiopoiesis occui sunultancoush in the 
bone marrow of patients with pernicious anemia the noimal bipolar type of 
mitosis and matui ation, and the abnonnal foim descnbed They considci that 
liver theiapy acts on the pathologic tissue and possibly lesults m multipolai 
mitosis and the development of multmucleated ei)tlnoid cells This, they believe, 
may explain in pait the lapid conveision (not matin ation) of megaloblastic to 
normoblastic mairow within twenty-fom houis in some patients with pernicious 
anemia 

Changes in the Ncivous System in Pernicious Anemia — The possibility that 
fuithei light might be thiown on the cause and the natuie of subacute combined 
degeneiation of the spinal coid in man by a stud) of a pnmaiy degeneiative 
dem)ehnating lesion of the spinal coid of the monkey is consideied b) Hameiton 42 
He studied such lesions as they occui led spontaneously in monkeys of the London 
Zoo ovei a penod of seven )eais Maciocytic anemia was obseived m 1 animal, 
and lymphatic leukemia m another Achloihydna was piesent m the 3 annuals 
studied by gastnc analysis All the monkeys with these lesions showed intention 

40 Williams, R J The Histology of the Megaloblastic Hvperplasia of the Bone 
Marrow, New England J Med 227 938, 1942 

41 Limarzi, L R, and Levinson, S A Undescribed Type of Eiythropoiesis Observed 
in Human Sternal Atari ow and Its Relationship to the Alechamsm of Alegaloblast-Normoblast 
RIaturation, Proc Inst Aled Chicago 14 232, 1942 

42 Hamerton, A E Primal v Degeneration of the Spinal Cord in Monkeys A Studv 
m Comparative Pathologv, Brain 65 193, 1942 
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Sluigis' 19 This substance, like thiamine, is alkali labile and hence might be 
desticned m the intestinal tiact of patients with achloihydna, so that a deficiency 
would be caused In a stud} of 7 patients with pernicious anemia and a like 
numbei of health) conti ols it was found that the daily excietion of the substance 
when detei mined by die method of Snell, Pennington and Williams 30 both before 
and alter the admimsti ation of 100 mg of its calcium salt was slightly but piobably 
not sigmficantl) less than that of healthy peisons studied m the same mannei 
This indicates that theie is no impaiiment of its absoiption m patients with 
pernicious anemia Phillips and Engel 51 leport the occunence of a disease of 
the spinal coid m chicks leceivmg a diet deficient m pantothenic acid The possi- 
bility cannot be excluded that the absence of h)diochlonc acid may make the 
liboflaim and the pantothenic acid m food less available foi absoiption, and there- 
foie the degeneiative changes of the nenous system m patients with pernicious 
anemia may lesult from a conditioned avitaminosis present over a long period 

Pernicious Anemia and Carcinoma of the Stomach — Bionstem 32 adds anothei 
to the gioup of cases of pernicious anemia m which aftei a vanable numbei of 
yeais caicmoma of the stomach has developed Theie is ceitamly no mcompati- 
bilit) between the two diseases In fact, the question has been asked, Does not 
the atiophic gastntis of pernicious anemia piedispose to the rise of a neoplasm 
m the gastric mucosa ? His patient was a Gieek of 45 yeais who had all of the 
classic manifestations of tiue addisoman pernicious anemia, which lesponded 
satisfactoi lly to paienteial injection of liver extiact Aftei four and one-half yeais 
his weight deci eased from 127 to 112 pounds (57 5 to 51 Kg) This led to a 
loentgen examination of the gastiointestmal tiact, which disclosed a neoplasm of 
the middle poition of the stomach, on the side of the gieatei cun atui e At 
neciopsy a fungating tumoi (adenocarcinoma) was found involving the fundus 
of the stomach At the time the cancer developed, there w^as a change m the 
character of the blood pictuie, as was to be expected The color index became 
less than 10, the size of the eiythiocytes deci eased, as did the mean coipusculai 
hemoglobin concentration The autlioi discusses the association of pernicious 
anemia and caicmoma of the stomach and suggests that patients- with the founei 
disease should be studied wuth great caie if theie is a change m the chaiactei of 
the anemia The reviewers consider that it is logical to observe an inci easing 
numbei of patients with the two diseases since, with the modem treatment, those 
having pernicious anemia now suivive to an age when cancer is common The 
question is not yet answeied as to whether caicmoma of the stomach is moie 
likely to develop in patients with pernicious anemia than m other peisons of the 
same age gioup, but this is a possibility 

Doehrmg and Eusterman 53 review the liteiatuie dealing with the association 
of pernicious anemia and caicmoma of the stomach m the same patient, and add 
a gioup of cases m which this has been observed at the Mayo Clinic Duiing the 
penod between 1935 and 1939 approximately 1,014 patients with pernicious 

49 Meyer, C E , Burton, I F , and Sturgis, C C Pantothenic Acid Absorption m 
Pernicious Anemia, Pioc Soc Exper Biol & Med 49 363, 1942 

50 Snell, E E Pennington, D , and Williams, R J Effect of Diet on Pantothenic Acid 
Content of Chick Tissues, J Biol Chem 133 559, 1940 

51 Phillips, P H, and Engel, R W Some Histopathologic Observations on Chicks 
Deficient in Chick Antidei matitis Factor or Pantothenic Acid, J Nutrition 18 227, 1939 

52 Bronstein, L H Carcinoma of the Stomach Developing m Pernicious Anemia 
J Lab & Cl in Med 28 44, 1942 

53 Doebiing P C, and Eusterman G B Association of Pernicious Vnemia and 
Carcinoma of the Stomach, A.rch Surg 45 554 (Oct) 1942 
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moie than one peison of the same famil} The mothci and a maternal uncle of 
then patient both had pernicious anemia with subacute combined degeneration of 
the spinal coid The data, which the authois admit aie “scanty,” suggest the 
transmission of the disease as a mendclian lecessive chaiacter 

Bleeckei 11 lepoits the case of a patient with a seveie imolvemcnt ot the 
cential nervous system chaiactenstic of subacute combined degeneiation of the 
spinal coid but with a noimal blood count, and emphasizes that patients of this 
type can be benefited with appiopnate lnei theiapy He states that set ere 
neuiologic manifestations do not mean necessanl) that pumanent damage has 
been done to the cells of the spinal coul and that function maj not letmn to 
noimal with the piopei theiap) He suggests ticatmcnl with h\ei extiact in large 
doses, supplemented by the “gastnc factor” (desiccated hog stomach in the case 
lepoited) dilute hydiochlonc acid, adequate diet and thiamine hydiochlonde He 
believes that a deciease m the mean coipusculai \ olume and the mean coipuscular 
hemoglobin concenti ation is of favorable piognostic significance 

In 1 elation to subacute combined degeneiation of the spinal cord it is possibly 
of interest that degeneiation of sensoiy neuions imohing the peripheral nenes, 
the postenoi loot ganglions, the postcnoi loots and the posterior funiculi of 
the spinal coid can be produced in pigs b} means of a diet deficient m calcium 
pantothenate 01 pyndoxinc It is concluded b\ Wmtiobe and Ins associates 15 
that pyridoxme and pantothenic acid aie neccssaiy in maintaining the integrity of 
the nervous system These neuial changes det eloped in animals when the diets 
contained adequate amounts of thiamine libofiatin, nicotinic acid, wheat germ 
oil and cod livei oil, as tvell as sufficient piotun, caibohjdrate, fat and minerals 
We are of the opinion that a deficienct of ptiidoxmc or of pantothenic acid or 
a disturbance m then metabolism, maj account foi the lesions of subacute com- 
bined degeneiation but that the possibility is still a mattci for investigation 

It is consideied by Mejei, Bin ton and Stuigis ,r that neuial changes m perni- 
cious anemia anse fiom a deficiency of some unidentified factoi othei than that 
lequired foi hemopoiesis Since achloihydria is imariably present m patients 
with pernicious anemia, the possibility must be consideied that this condition 
lesults from deci eased absorption of ceitam vitamins Following the leport of 
Stieet, Cowgill and Zimmeiman 47 that a deficiencj of riboflavin caused degeneia- 
tive changes m the peripheial neives and m the postenoi columns of the spinal coid 
m dogs, Meyer and his associates attempted to determine whether patients with pei - 
nicious anemia had diminished ability to absoib liboflavm by measunng the daily 
uiinary excietion according to the method of Snell and Stiong 4S Ihe subjects of the 
study were 12 hospital patients with pernicious anemia and 12 healthy students, both 
groups on umestricted diets, and no indication was found that achloihydna lmpaued 
the absorption of this vitamin When 5 Gm of liboflavm was added to the diet of 
each gioup, no tendency tow aid a lessei excietion of this substance was obseived 
m the patients with pernicious anemia These lesults resemble those obtained in 
a similai study of the excietion of pantothenic acid lepoited by Meyei, Bui ton and 

44 Bleecker, P B Preanemic Subacute Combined Degeneration of the Spinal Cord 
A Case Repoit, Mississippi Doctor 20 83, 1942 

45 Wintrobe, M M , and others Sensorv Neuron Degeneration in Pigs Protection 
Afforded by Calcium Pantothenate and Pyridoxme, J Nutrition 24 345, 1942 

46 Meyei, C E , Burton, I F, and Sturgis, C C Riboflavin Absorption m Pernicious 
Anemia, Proc Soc Exper Biol &. Med 50 251, 1942 

47 Street, H R , Cowgill, G R, and Zimmerman, H M Further Obseivations of 
Riboflavin Deficiency in Dog, J Nutrition 22 7, 1941 

48 Snell, E E , and Strong, F M The Microbiological Assay of Riboflavin, Indust & 
Engin Chem (Anal Ed ) 11 346, 1939 
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sequent loentgen examinations, the absence of tubeicle bacilli in the sputum and 
the stomach washings and the subsequent favorable couise 

In a study of 20 patients with pernicious anemia w hose hematoci it 1 eadmgs on 
erythiocytes vaned fiom 11 to 35 pei cent, Wamei and Oven 57 found the 
protluombin level to be between 40 and 65 pei cent of noimal in a majonty of 
the patients, accoidmg to the two stage method of Warnei, Bunkhous and Smith 
When vitamin K was admmisteied in the foim of synkamm (4-amino-2-methyI- 
1-naphthol hydiochlonde) eithei oially oi mtravenoush , no significant change 
followed There was a loose correlation betw r een the seventy of the anemia and 
the degiee of the hypopi othi ombmemia, as theie was some tendency for the lowest 
values to occur in the cases m wdiich the anemia was most seveie No coil elation 
was demolish able between the degree of hypopi otln ombmemia and the amount of 
damage of the nervous system The low r est protluombin level obseived m these 
cases w as 40 pei cent of noi mal, w Inch is above the level at w Inch bleeding ordinal lh 
occuis, and theie was no evidence of a hemoirhagic tendenc) The autlioi states 
that the clotting power of the blood as measuied by the one stage method of 
Quick oi the “bedside” method of Ziftren, Owen Hoffman and Smith w r as found 
to be within normal limits and w r as not modified by theiapy The mterpi etation of 
the failure of the one stage and two stage methods to agiee m ceitam conditions 
is not known The beneficial effect of liver extract is possibly attnbutable to an 
improvement of the function of the livei Some e\ idence is at hand wdnch suggests 
a mild hepatic insufficiency m cases of pernicious anemia It is of interest to note 
that the beneficial effect of liver extiact on the pioduction of piothiombm is 
limited to cases of pernicious anemia, the hypopi othi ombmemia obseived in 
newborn infants, in patients with Laennec’s cirrhosis, in those with obstiuctive 
jaundice and m debilitated patients does not lespond to this foim of theiapy 

An interesting series of compai isons has been made by Stiauss and Buichenal 58 
of the led blood cell counts and hemoglobin deteiminations on the capillar) and 
the venous blood of patients with pernicious anemia whose disease was m theia- 
peutically induced remission The lesults of a total of 2,139 blood examinations 
when analyzed levealed that the mean capillaiy led blood cell count of 80 patients 
was 4,690,000 per cubic millimeter and the mean venous red blood cell count 
4,444,000 pei cubic milhmetei, a diffeience of 246,000 per cubic millnnetei This 
value they consider to be statistically significant, as theie is less than 1 chance 
m 1,000 of its being accidental The mean of the hemoglobin deteiminations on 
the capillaiy blood of the 80 patients w^as 91 8 pei cent (15 6 Gm per hundied 
cubic centimeters equals 100 per cent), whereas the mean of the hemoglobin 
determinations on the venous blood of these patients w r as 87 3 pei cent They con- 
sider that the difference of 4 5 per cent is likewise significant as heie also theie 
is less than 1 chance m 1,000 that it is accidental The) conclude, therefore, that 
the venous blood of patients with pernicious anemia undei tieatment has approxi- 
mately 5 pei cent less erythiocytes and hemoglobin than the blood obtained fiom 
the capillanes According to the observations repoited by Wintrobe and Alillei 
m 1929, the hemoglobin value and the led blood cell count foi adult man aie 
the same whethei the blood is obtained fiom the ear oi the fingei oi a \em 
without stasis Strauss and Buichenal appaienth aie not convinced that this is 

57 Warner E D, and Owen, C A He poprothrombinenna in Pernicious Anemia 
A >n J M Sc 203 187, 1942 

58 Strauss, M B , and Burchenal, I H Comparison of Capillan and Venous Red 
Blood Cell Counts and Hemoglobin Determinations in Patients with Pernicious Anemia 
m Remission Under Treatment T Lab & Clin Med 27 937 1942 
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anemia weie obseived at this clinic, and 17 had caicinoma of the stomach, which 
gives an incidence of 1 7 pei cent The} state that the numbei of patients in 
whom these diseases aie combined is mci easing but that it is difficult to sa\ 
whethei this is due to the inci eased length of life of patients with peinicioiib 
anemia or to some change in the stomach pecuhai to addisoman anemia which 
makes these patients moie likely to hate new r giowths of that oigan It is then 
opinion that lengthened penod of suiuval accounts in pait for the situation On 
the othei hand, fiom then calculations the} estimate that the incidence of car- 
cinoma of the stomach in patients with pernicious anemia at the clinic is gi eater 
than the fiequency which one would expect in the same age group in the popula- 
tion at laige In 10 of the 17 cases in which pathologic material was obtained 
the neoplasm w r as found to be adenocaicinoma with a -waning degiee of malig- 
nancy They also obsened among 1,014 patients with pernicious anemia 4 with 
benign polyps, which gives an incidence of 0 39 per cent The s\ mptoms of 
pernicious anemia appealed m this group of 17 patients at the a\eiage age of 
54 5 } eai s, and those of carcinoma of the stomach at 63 2 } eai s 1 he autlioi s 
speculate concerning the etiologic i elation between the two diseases and conclude 
that, although the evidence is incomplete, theie aie grounds for suspecting that 
persons with pernicious anemia are slightly moie likeh than other persons to 
have gastnc caicinoma They also lepoit concerning the i elation of anemia to 
gastnc lesection that in a series of 474 cases of gastnc resection foi cancel m 
14 of which the opeiation was total gastieclom}, pernicious anemia de\ eloped in 
not 1 case 

Miscellaneous Observations Concerning Pernicious Anemia — In 1937 Snappei , 
Gioen, Hunter and Witts 54 reported a series of cases in which pituitan disease was 
associated with achlorhydria and anemia, usually of the addisoman t} pe Witts ^ 
now reports 2 more cases, and fiom what he has learned of othei s from colleagues 
he is convinced that the occurrence of these two diseases m the same patient is 
moie than a coincidence In Ins opinion, the association of pernicious anemia 
wutli hyperthyioidism, with pregnancy and with pituitaiy disease suggests that theie 
is a defect m some hormonal element or mechanism which maj lead to degeneiation 
of the cells m the stomach responsible for the secietion of the intimsic factor In 
his opinion, the combination of this type of anemia with pituitaiy disease is anothei 
example of the piecocious senile changes to which the patient with such disease is 
liable 

The case of a 41 }eai old white woman with pernicious anemia and lesions 
reported on roentgen examination of the chest as bilateial pulmonai} tubeiculosis 
of undetei mined activity is lepoited by Skavlem and Stoiey 50 The association 
of this blood disoidei with pulmonary lesions that possibly weie tubeiculous 
caused them to leview the literatuie dealing with the occunence of these two 
conditions in the same patient Fiom the liteiatuie they conclude that most w liters 
on this subject agree that the two diseases aie larely seen concunently and some 
obseneis believe that theie is antagonism between them The} state that onl) two 
authors hold a contraiy view, one on giounds not wholly tenable Then own 
patient was appaiently not suffering from actne tubeiculosis, as indicated by sub- 

54 Snapper, I , Groen, J , Hunter, D , and Witts, L J Achlorhydria, Anaemia and 
Subacute Combined Degeneration in Pituitaij and Gonadal Insufficiency, Quart T Med 
195, 1937 

55 Witts, L J Pernicious Anaemia and Pituitary Insufficiency, Lancet 2 o07, 1942 

56 Skavlem, J H, and Storey, C H Concurrent Tubeiculosis and Pernicious Anemia, 
Ohio State M J 38 142, 1942 
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megaloblastic and those with noimoblastic mairow He believes that diffuse 
megaloblastic hypeiplasia is indicative of deficiency 01 of pool utilization of the 
erythrocyte-matui mg factoi and that it is an indication for use of livei extiact 
According to the authoi, the piesent day concept of addisoman anemia includes 
atiophic gastntis and achylia, which is often associated with glossitis, a con- 
stitutional (familial) factor, the lesultant lack of mtnnsic factoi , a continued need 
of and lesponse to liver therapy It is considered that the appearance of the 
anemia may be hastened 01 piecipitated by such factpis as deficient intake of 
animal piotem, loss of teeth or change in economic status This implies that 
the mtnnsic-exti msic factor relationship obeys the laws of mass action, which m the 
authoi ’s opinion is coriect “Achiestic” anemia due to defective utilization of 
the eiythiocyte-matunng factor, as descnbed by Wilkinson, is appaiently accepted 
by Watson with reluctance, as he says he hopes to “deemphasize” it We agiee 
that it must be an exceedingly laie syndrome in this country The maciocytic 
anemias with noimoblastic manow include those of the hemolytic type, both primary 
and secondaiy, and those without increased hemolysis He emphasizes that fiom 
the standpoint of therapy the macrocytic anemias should be considered as noi- 
mochionnc or hypoclnomic Iron therapy is indicated m the latter, and liver 
extiact, m both gioups if the manow is megaloblastic 

Ten patients with seveie degiees of maciocytic anemia and with free acid present 
in the gastnc secietions weie studied at the nutrition clinic of the Hillman 
Hospital by Mooie and his associates 63 All but 1 of the patients showed or 
had shown the clinical manifestations of pellagra In 2 patients theie was the 
clinical picture of nontiopical spiue, 1 patient had a beef tapeworm, and 5 patients 
weie lelieved of their diairhea when nicotinic acid was given In each patient 
theie was a pionounced shift in the marrow to the youngei red cell elements, with 
a stnkmg mciease in megaloblasts In all instances there was a decided dietaiy 
deficiency of animal proteins It was demonstrated that the mtnnsic factoi was 
piesent m the gastnc secretions of 3 patients Six responded submaximally to the 
admimstiation of 250 Gm of raw'- beef muscle Aftei one week of a diet known 
to be deficient in animal protein and in vitamin B complex, the ciystalhne membeis 
of this complex were given orally and parenterally without effect on the led blood 
cells, the manow oi the i eticulocytes An 80 per cent alcoholic extiact of beef 
muscle which was “piactically protein free” but known to contain the extnnsic 
factoi pioduced a use in i eticulocytes and a slight increase m led blood cells A 
secondaiy use was then obtained in seveial of the cases by dail) admimstiation of 
the same amount of beef muscle extiact which had been incubated with 100 cc of 
noi mal human gastnc juice After completion of the obseivations just descnbed 
daily paienteial admimstiation of 4 to 6 units of lnei extiact pioduced m 9 of 
the 10 patients a significant mciease in the i eticulocytes and an acceleiation of the 
formation of led blood cells These impoitant obseivations weie mterpieted as 
indicating (1) that macrocytic hypeichiomic anemia without achlorhydna occm s 
not mfiequently m the southern states vheie pellagia is endemic and (2) that 
the anemia is pioduced both by a dietaiy deficiency of the extnnsic factoi and 
H pooi absoiption fiom the intestinal tiact 

Heath 1,4 consideis a gioup of maciocytic anemias which lesemble peimciotn 
anemia but stand apait fiom this disease because they do not lespond fa\ oi ably 
to livei extiact He includes m this gioup macrocytic anemia due to caicinonn 

63 Moore, R \ Spies T D and Cooper, Z K Pellagra Ilislopatlio'oge of ^3 in 

in Pelhgia <\reh Derinat S\ph 46 100 (luh) 1942 

64 Heath, C \\ Rcfracton \neinn<= Bull \’ew Pngland W Center 4 II ] f u2 
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tiue, foi they state that the difteicnce they obsened in patients with pei mucus 
anemia may also hold for noimal peisons, but then data aie insufficient to pio\e 
this point 

In a pieuous stud} 0iskov found th.it the led blood cells oi patients with 
pernicious anemia showed alteied petmcabiht} to dextiose which was collected 
by livei theiapy There weie two possible explanations iutiiei the anti-pei- 
mcious-anemia factoi acted dneclh on the icd blood cells 01 new led blood cells 
with noimal peimeabiht} weie foimed To find out which of these explanations 
was correct, £)iskov° 0 earned out expci iments in which lnci and desiccated hog 
stomach w r eie fed by mouth to health} subjects and the peimeabihu ot the led 
blood cells determined It was found that the peimeabihtv was aflected in the 
same mannei as m patients with peimcious anemia, and since the maximum eflect 
was attained on the day following feeding, it was concluded that the nnti-peimcious- 
anemia factor acts directly on the peimeabiht} of the led blood cells 

Cooke 00 lepoits the lathei unusual case of a woman aged 30 }eais with perni- 
cious anemia m which the diagnosis was questioned when she was first obsened 
because theie was appaiently a spontaneous leticulocUe use of 30 per cent This 
with the acute onset and the fact that the patient had experienced preuous attacks 
with jaundice, suggested the diagnosis of hemol}tic jaundice Subsequently all 
findings indicated beyond the question of a doubt that the patient did hate true 
addisoman pernicious anemia This case bungs up the interesting point of the 
extent of the reticulocyte rise in such patients when then disease is in spontaneous 
i emission Unfoitunately, it is not usual to obseivc patients at this time The 
authoi offers the suggestion that i elapses and 1 emissions maj he correlated with 
ear} mg amounts of the mtimsie factor, which in turn nun be associated with 
eanations m the intensity of the gastutis This, of couise, raises the fundamental 
question as to just wdiat is the cause of the diminution of intrinsic factoi in the 
disease oi, in other woids, what is the leal underhmg cause of the disoidei 
1 he possibility that gastutis may influence the amount of the intiinsic factoi 
cannot be denied We should like to emphasize also that \anations in the amount 
of the anti-peimcious-anemia factor might be associated with quantitatne changes 
m the extnnsic factoi in the diet 

Aineth 01 has wntten an aiticle which is mainly a plea foi the utilization of 
the simple laboratoiy means of examining the blood in the diagnosis of pernicious 
anemia He finds the changes thus obseived lehable, within the leach of every 
phjsician, and piesent even befoie the chaiacteristic alteiations occur in the 
marrow Special emphasis is laid on the “shift to the light” in the Aineth count 
and on the diminution in the total numbei of polymoi phonucleai cells As pro- 
nounced leukopenia is a featuie of the disease dui mg i elapse, theie is diminution 
m other types of white blood cells, as well as in neutiophils 

Man ocytic Anemias Related to Pernicious Anemia — A complete summaiy of 
present knowledge of the macrocytic anemias is presented by Watson, 02 in wdnch 
a discussion of their etiology, classification and tieatment is given In Ins opinion, 
such anemias should be sepaiated into tw’O mam groups, namely, those with 

59 0rskov, S L Untersuchungen liber die Wirkung von per os zugefuhrtem Leber- 
extrakt und VentrihelschleimViaut auf die Permeabihtat der roten Blutkorperchen beim 
normalen Menschen, Acta physiol Scandinav 3 82, 1941 

60 Cooke, W T Unusual Reticulocvtosis in Untreated Case (Diagnostic Difficulty), 
Brit M J 2 806, 1941 

61 Arneth, J Ueber die qualitativen Blutbefunde bei der perniziosen ammischen Reah- 
tion (perniziosen Anamie) Munclien med Wchnsclir 89 371, 1942 

62 Watson, C J Macrocytic Anemia, Illinois M J 82 195, 1942 
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Gordon and Japa 07 lepoit 2 cases of unusual mteiest in which se\ere maciocytic 
anemia developed following gastroentei ostomy One patient, aged 52, had been 
opeiated on eleven years before, for a duodenal ulcer The red blood cell count 
was 1,630,000 pei cubic milhmetei and the hemoglobin value was 40 pei cent The 
sternal punctuie revealed normal marrow Liver therapy produced a good lesult 
A second patient, aged 62, had undergone gasti oenterostomy twenty-five jeais 
befoie the development of seveie macrocytic anemia He was benefited with 
livei extiact The led blood cell count was 1,500,000 pei cubic nullimetei , the 
hemoglobin value was 55 per cent, aspirated sternal marrow showed an excessive 
numbei of eiythroblasts Achlorhydna was present The authois believe that it 
is piefeiable to speak of these patients as showing maciocytic anemia lathei than 
tiue pernicious anemia They state that the condition may have arisen fiom two 
causes fiist, a lack of mtimsic factor, second, an interference with the flow of 
intestinal contents, which might interfere with the interaction of the mtimsic and 
extrinsic factois and impair absorption of the erythocyte-maturmg substance 
In criticism of this aiticle Blown 08 makes the following pertinent statements 
(1) that the first patient may have had macrocytic anemia but that no facts 
aie given to support this, and that the color index is not helpful unless theie is an 
accompan) mg statement with reference to the hemoglobin standard used, (2) that 
the response to liver therapy in a case of anemia m which the sternal marrow is 
“normal” is sufficiently unusual to justify the inclusion of the hematocnt leading 
of the packed cell volume, from which the volume of the cells could be calculated , 
(3) that a note on the criteria of the “good results” which followed the liver 
theiapy would alsp have been of interest We are in sympathy with the cnticisms 
expressed by Brown in all instances in which insufficient data are presented by 
which the reader may evaluate the situation for himself rather than accept 
statements which merely interpret the findings without piesenting them m detail 

Samuel 09 repoits the case of a patient who had suffered from chronic gastric 
ulcei foi seveial yeais and in Decembei 1936 was tieated by cholecystectoni) In 
June 1938 the man was found to have pernicious anemia He leacted well to livei 
theiapy In Novembei he had a seveie attack of ulcer pam, -which -was soon fol- 
lowed by i eci udescence of the chronic ulcer distress The aulhoi makes the sug- 
gestion that possibly “the pioduction of the intrinsic factor may be intei feied with 
by gastric (and, possibly by hepatic) lesions ” Detailed blood findings, the 
results of gastric analysis and other data which might enable one to make a cntical 
evaluation of the authoi’s statements aie not piesented Nevei in our expenence 
has there been air instance of pernicious anemia and peptic ulcei occumng in the 
same patient In one condition there is always achlorhydna, pei haps piesent from 
birth and m the other there has invariably been fiee hydrochloric acid in the 
gasti ic secietions It is entirely possible that the patient ma> hare had maciocytic 
anemia associated with hepatic disease or with some anomaly of the intestinal tract, 
but it is unlikely that tiue addisoman pernicious anemia and jreptic ulcer ueic 
both present 

The case of a 64 yeai old man on whom gasti oenlei ostonn was pcifoimcd 
aftei accidental “swallowing of spirits of salts” is leported by Haiicm ‘° Tcur- 

67 Goidon, N S, and Tapa, T Macrocytic Anaemia Following Gaslro-Entcro-domr , 
Brit M J 2 769, 1941 

68 Brown, A Macrocytic Anaemia Following Gastro-Enterostoim Brit M J 1 127 
1942 

69 Samuel, B Macrocytic Anaemia After Gastro-Entero<tonn Brit M J 1 =5 V^2 

70 Harlem I C MacrocUu Anaemia After Gactro-Fnto'-Mnnn, Bn, M J 1 yvi 
1942 
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osteoscleiosis, the ‘‘achiestic” anemia of Wilkinson, the macroqtic anemia some- 
times associated with cnrhosis of the hvei, and agnogemc myeloid metaplasia 
of the spleen as lecenth described by Jackson, Paike and Lemon He also lists 
the following conditions which may be accompanied by macioqtosis acute loss 
of blood vanous hemoh tic anemias, hemoglobimuia, -vanous anoxemias acute heart 
iailuie occuiiing teimmalh, anemia of infection, anemia of nephritis, myelophthisic 
anemias and vanous foims of poisoning An attempt has been made b\ the author 
to distinguish between ti eatable and leli acton mauocytic anemias by a stud} of 
the diameters of the euthroqtes This difieiential point was suggested b) the 
observation that anisoqtosis is usually gieatei in tiue pcinicious anemia than 
m certain lefi actor} maciocytic anemias In tins stud} onh cases of macroc}tic 
anemia in which the mean coipuscular volume was 100 cubic microns 01 gi eater 
w r eie utilized B} measunng the diameters of the red blood cells according to 
the technic of Price-Jones it was found that below the level of 2 000.000 led blood 
cells pei cubic millimeter the standaul denation of the chameteis is helpful in 
distinguishing pernicious anemia fiom othei macioc}tic anemias The critical 
level of standard denation is about 0 9 cubic micion The denation is abore this 
level m most cases of pernicious anemia and below it in most cases of severe 
lefiactoiy maciocytic anemia A second point is helpful in stud} mg the Puce-Jones 
curves On inspection these cunes are not symmetric but aie skewed to the 
right oi to the left It was found that in most cases of pernicious anemia the 
curve was skewed to the left, wheieas in cases of refi actor} macroc}tic anemia 
the curve is either not skewed or is skewed to the light 

Limaizi 03 renews the recent adtances m the diagnosis and tieatment of 
abnoimal conditions of the blood and classifies all cases of anemia into four groups 
as follows (1) macroqtic anemia in which the mean corpuscular volume is 
gieatei than 94 cubic micions and the mean corpuscular hemoglobin concentra- 
tion is approximately 30 pei cent, (2) noimoqtic anemia in which the mean 
coipuscular volume is between 80 and 94 cubic microns and the mean corpuscular 
hemoglobin concentiation is 30 pei cent oi gieatei , (3) simple nncioqtic anemia 
in which the mean corpuscular -volume is less than 80 cubic micions and the 
mean corpusculai hemoglobin concentiation is 30 per cent oi highei , (4) liypo- 
chiomic microcytic anemia in which the mean corpusculai hemoglobin concen- 
tration is 29 per cent oi less and the mean coipuscular volume is gieatly or 
little l educed oi even actually noimal The following diseases aie included m the 
foui groups pernicious anemia, cmhosis of the hvei, sprue, pregnancy, fish tape- 
w'oim disease, aplastic anemia acute leukemias, pellagra, hypothyioidism, caicinoma 
of the stomach, metastatic lesions of the marrow' lymphoblastomas, agianu- 
locytosis, nephritis celiac disease, sickle cell anemia, Cooley s anemia and eiythro- 
blastosis Doubtless the authoi means to indicate that some of these conditions 
aie always associated with maciocytic anemia wdiereas others may cause macrocytic 
anemia at times The aiticle gives a lesume of cui lent knowledge concerning 
the various types of macroqtic anemia with special leference to pernicious anemia 

Beighausen 00 emphasizes that maciocytic anemia may lesult from a liumbei of 
causes and that a careful diagnostic study should be made before intensive theiapy 
is initiated He reports and discusses 5 cases of severe anemia 

65 Limarzi, L R Recent Advances in the Diagnosis and Treatment of Abnormal Blood 
Conditions, Illinois M J 81 296, 1942 

66 Berghausen, O Macrocytic Anemia Case Repoits, Cincinnati J Med 22 547, 
1942 
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constant finding m pellagia in pernicious anemia and, to a less extent, in spiue 
Atrophr of the stomach and intestines mar be found m all thiee diseases When 
changes aie piesent m the spinal cold m any of these diseases, the lateial and 
postenoi columns aie involved A review is gi\en of lepoited cases m which 
two 01 all thiee of these chsoideis occui led m the same patient Accoidmg to 
them this coincidence suggests common etiologic factois 

Hawes, 74 m an aiticle on spiue and allied chsoideis, legal ds seveial conditions 
of unknown cause affecting fat metabolism as one entity In this gioup he 
includes celiac disease, idiopathic steatonhea, nontiopical spiue and tiopical 
spiue Accoidmg to him, in most cases of steatorrhea anemia is piomment and 
nia} assume an eiythioblastic, aplastic, h>pochiomic or a maciocytic, h)petchiomic 
pictuie In some cases steatonhea is indistinguishable fiom pernicious anemia 
and m otheis the blood pictuie may change fiom hypochionuc to hypei chromic 
01 from macioc}tic hypei chi onuc to hjpocliionuc The cause of these changes 
is unknown, but the tendency is foi the hypochionuc variety to become macro- 
crtic and hjpeichiomic as the disease advances, especially if the dianhea peisists 
Under tieatment with liver oi In er extract, hypei chi onuc macioc)tic anemia often 
changes to hrpochiomic anemia and if then laige doses of iron aie gnen, the 
blood pictuie leturns to noimal 

Anemia occms in vntually all cases of untreated sprue, accoidmg to Shookhoft 75 
The macrocytic anemia of the disease may be divided into thiee types, as fol- 
lows (1) that lespondmg to oially adnumsteied extrinsic factot , (2) that not 
responding on the oial admimstiation of this factoi but )ieldmg to oially adnums- 
teied liver extiact, (3) that responding only on paienteial theiapy It is mfened, 
therefoie, that the macrocytic anemia of sprue may be due to deficiency of the 
extnnsic factoi i eduction in the mtnnsic factoi, failure of adequate absoiption 
of the hemopoietic pi mciple oi a combination of two oi all of these mechanisms 
Fuitlieimore, some patients wuth spiue hare hr pochi omic anemia, but the authoi 
does not know rvhethei this is to be attributed to inadequacy of the intake of 
iron or to impairment of the absoiption of this element 

Abiahams 70 leports the case of a young woman, 19 yeais old, with idiopathic 
steatonhea, sereie maciocrtic anemia and glossitis The led blood cell count 
rvas 2,140,000 pei cubic millimetei and the hemoglobin content, 20 per cent The 
coloi index rvas 12, and the arerage diametei of the led cells rvas 7 9 nncions 
Recoreiy followed the admimstiation of a low fat diet, autol>zed yeast (mainwte), 
pills of ferious carbonate (Blaud’s pills), calcium lactate, ritamms A and D and 
tiansfusions of blood 

Assay of Antianemic Matcnals on Animals — The study of Stasner and 
Burns 77 is another attempt to obtain a method of bioassar foi the anti-pei mcious- 
anenua factoi, othei than the utilization of untieated patients with the disease 
Thej have employed the marsupial opossum because, aftei an mtiauteune life 
of about twelve days, the unmatuie ofifspung live m the maternal pouch for an 
additional ninety days and hence aie accessible foi the dnect injection of anti- 
permcious-anemia substance The fundamental basis foi the stud} is that the 

74 Hawes, R B Sprue and Allied Disordeis, Practitioner 149 157, 1942 

75 Shookhoff, H B The Blood Picture m Sprue, Rev Gastroenterol 9 338, 1942 

76 Abrahams, A Idiopathic Steatorrhea with Seveie Anemia and Pyiexia Pioc Rm 

Soc Med 35 11, 1941 3 

77 Stasnev, J, and Burns, E L Influence of Active and Inactire Antianemic Pi inciples 

1 P 40 ' hirocytes of Immature Opossum (Didelphys Virgimana), Am J M Sc 203 191, 
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teen reais latei evidence of pernicious anemia de\ eloped with a hemoglobin value 
of 60 per cent The numbei of led blood cells pei cubic milhmctci was not detei- 
nnned but measurements demolish ated that the anemia w.is macrocjtic in type 
foi the areiage diametci of the cells was 8 5 nncions Iheic was a satistacton 
clinical lesponse to inti amusculai injections of h\ei cxtiact The title, “Macio- 
C) tic Anaemia Aftei Gastio-Enlcrostomy,” implies a causal i elation between the 
surgical opeiation and the anemia, although a petiod of fifteen }cais intervened 
This assumption appeals unw an anted, fust, because of the long intenal and 
second, because of the scaicity of examples of such a i elation in the laige numbei 
ot cases in which gastioentciostom} has been pcifoimed in the past few decades 

It is stated by Waybui n 71 that theie is a lack ot agreement in the hteiatuie 
concerning the incidence of maciocytosis in hepatic disease In regard to Laen- 
nec’s cuihosis alone, foi example the moie lecent figuies iai\ from 41 to 90 pei 
cent This dififeience of opinion is attributed in pait to the dificience in ciitena 
and in classification of the condition invoked, and m pait to the difieience m 
methods employed m determining maciocUosis Accoiding to the author, the use 
of determinations of \olume is supenoi, as the lessci degrees of enlaigcmcnt ot 
cells aie detected most leadilv by volumetric measuiements Ten of 11 patients 
with acute hepatitis and 12 of 16 with Lacnnec’s cuihosis had maciocrlosis Ot 
the total of 27 patients, 82 pei cent showed maciocjtosis Anemia, it present 
w r as slight the lowest hemoglobin content being 74 pei cent (12 5 Gin ) The 
macrocrtosis fiequently peisisted despite treatment return of the blood count to 
noimal and disappearance of all symptoms Accoiding to the authoi, the expla- 
nation of the maciocytic anemia on the basis of simple failme to stoic hemopoietic 
substance in the diseased Inei seems inadequate He suggests that the phe- 
nomenon lesults paitly fiom deficiency of the extnnsic factoi and paitly fiom 
mabihtr of the livei to srnthesize the maturation factoi 

The case of an Australian soldiei in whom maciocrlic anemia der eloped in 
association with splenomegaly and a prolonged febrile illness due to mfectne hepa- 
titis is reported by Bonnm 72 This patient was one of a number who sufieied 
fiom the disease but w^as the only one noted to hate maciocytic anemia About 
five weeks aftei the onset the hemoglobin value was 70 per cent (Salih), the red 
blood cell count 2,200,000 per cubic millimeter and the coloi index 1 6 The 
intramuscular injection of ranous types of livei extiact was followed bv a tvpical 
reticulocjte response and a return of the blood to noimal Eventuallv the patient 
made a complete lecoveiy The anemia was considered to be due to deficient 
of the anti-peinicious-anemia factoi associated with extensive damage of the Inei 
possibl) complicated with excessive destruction of blood 

A comprehensive sui\e} is made by Hams and Hams 73 of the genesis of 
pellagia, pernicious anemia and spiue It is then belief that these thiee condi- 
tions aie not chffeient manifestations of the same disease but thiee sepaiate 
entities It is conceded, howevei, that the thiee appeal to be allied nutritional 
disoideis It is also stated that if the deimatologic manifestations of pellagia aie 
absent, this disease, sprue and pernicious anemia as manifested in oial and gastio- 
mtestmal sjmptoms aie indistinguishable fiom one anothei The authoi s main- 
tain that pathologic change of the livei, usually fatty degeneiation is an almost 

71 Waibuin, E Macrocytic Anemia in Liver Disease, California &. West Med 
56 130, 1942 

72 Bonnin, I M Macrocytic Anaemia Occuri ing in Case of Infective Hepatitis, M J 
Australia 1 637, 1942 

73 Harris, S , and Harris, S , Jr The Genesis of Pellagra, Pernicious Anemia an 
Spiue, Am T Digest Dis 9 29, 1942 
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Pace and Fishei 80 attempted to con elate the U S P umtage of livei extiact 
with the method of assay foi this matenal deused by Oieibeek, Gaillaid, dejongh 
and Yam This method depends on measuiement of the migiation of cells fiom 
isolated hung guinea pig man on, embedded in a coagulum of plasma, to which 
vanous concentiations of livei extiact have been added At ceitam optimal con- 
centiations of livei extiact the migiation is mcieased and the concentiation thus 
effectne is taken as an index of the potenc) of the lnei extiact Fiom the 
lesults obtained, a cuue was constiucted which show s the 1 elation between the 
dilutions of livei concentiates at which maximal migiation of cells fiom the mai- 
iow occuired and the U S P potency of these concentiates They aie of the 
opinion that this cuive maj be utilized foi the detei initiation of the expected clini- 
cal potency of an unknown livei extiact 

mPOCIlROMIC ANEMIA 

Incidence m Adults and Child) en — Restnctions of diet imposed by the exigen- 
cies of waitime have laised the question, paiticulaily in England, of the incidence 
of anemia attnbutable to non deficiency A suivey of the hemoglobin \alues of 
1,074 women and childicn, lesidents of London and English mial aieas, \vas 
conducted by Mackay, Dobbs, Wills and Bingham 81 The age lange of the clnl- 
dien was 6 months to 18 yeais The women included housewives, hospital nuises, 
medical students and factoi ) woikeis The findings of Mackay and hei associates 
when compaied wuth the lesults of sunejs made pnoi to the wai indicated a 
deciease m hemoglobin piesumably attnbutable to waitime diets, deficient in 
piotem and non The difieiences w r eie not gieat but appealed to be significant 
The incidence of hypochiomic anemia w r as gi eater among women and childien 
living in the country than in lesidents of London In a similar study Daudson 
and otheis 82 detei mined the hemoglobin leiels of 831 infants, pieschool clnldien 
and school children of walking class families hung m Edinbuigh, Scotland The 
same type of investigation had been earned out m Edinbuigh befoie the ivar 
The authois found that aftei thiee yeais of waitime lestnctions no change in 
hemoglobin levels had occuried in infants but that a decline w^as disenable in 
older clnldien They conclude that dui mg peacetime the chief factoi influencing 
nutntion is the economic status of the family, but that m waitime food latiomng 
and the difficulties of obtaining uniationed foods aie the most impoitant factoi s, 
mespective of income 

The hemoglobin values of school clnldien in Southern Rhodesia, South Afiica, 
were detei mined by Jones S3 The Newcomer method was employed, and a lange 
of 12 0 to 14 9 Gm of hemoglobin per hundred cubic centimetei s of blood w r as 
adopted as normal On this basis, the incidence of anemia among 2,173 Euiopean 
clnldien w^as 14 7 pei cent, and that among 304 Negio children was 23 pei cent 
The predominant factoi s causing anemia weie consideied to be faulty diet and 
parasitic infection Moiales 81 examined the blood of 104 Pueito Rican gills 

80 Pace, N, and Fisher, R S Assay of Anti-Peinicious Anemia Liver Concentiates by 
the Use of an Isolated Bone Marrow Prepaiation, J Pharmacol & Expei Therap 74 
256, 1942 

81 Mackay, H M M , Dobbs, R H , Wills, L, and Bingham, K Anaemia in Women 
and Children on War-Time Diets, Lancet 2 32, 1942 

82 Davidson, L S P , and others Nutritional Iron Deficiency Anaemia in Wartime 
The Haemoglobin Levels of Eight Hundred and Tlnity-One Infants and Children, Brit 
M J 2 505, 1942 

83 Jones, E B Sub-Clinical Anaemia of School-Children in Southern Rhodesia Tr 
Roy Soc Trop Med & Hyg 36 99, 1942 

84 Morales, F H Blood Studies in Puerto Rican Children, Puerto Rico J Pub Health 
& Trop Med 17 387, 1942 
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uitluocytes of patients with pernicious anemia and those of mammalian fetuses 
aie similai m some lespects, so that the activity of the anli-pu muous-anemia sub- 
stance might be measuied by an acceleiation ol the late ot matin at ion oi the 
fetal eiytlnoc)tes Extensive obseivations showed that the lmmatuie dc\ eloping 
opossum, living m the maternal pouch, did ha\e maciocitic anemia, which disap- 
peaied in adult life The dnect injection of eithei concuitiatcd noimal human 
gastiic juice or hvei extiact 1 educed the mean “maximal diametei and the 
mean coipusculai volume significant!} and mci eased the nuinbei of entluocUes 
On the othei hand, these changes did not follow the injection ot mactnatcd 
noimal human gastiic juice or lnei extiact 01 the gastiic juice fiom a patient 
with addisoman pernicious anemia These lesults seem piomismg, but leieience 
should be made to the stud} of Last and Ha_\ s :s in which confhmatoi} results 
w r eie not obtained The lattei emphasize as othcis ha\ e done the gieat desn- 
ability of a leadily available method of assa} for the anti-peinicious-anemia factor 
and turn to a study of the effect of the principle on the matuiation ol embnonic 
blood cells as a possible help m this duection The\ emphasi/c that the pnmitne 
geneiation of ei}thiocytes m the embi}o, though morphological!} similar to the 
megaloblastic generation of pernicious anemia is not identical with it Ihe 
possibilit} howeiei, that cmbi}omc megaloblastic and cr\ tlnoblastic ei}tlno- 
poiesis might lespond similarly to lnei theiapv has stimulated interest in the tetal 
approach to the bioassa} pioblem Then own studies hate been an attempt to con- 
firm the positive findings in the } oung of the opossum pouch and 1 1 da} rat fetuses 
Contrai} to othei lepoits, howcvci, no acccleiated maturation of the entluocUes 
as reflected by a significant deciease ot the mean coipusculai tolume w r as observed 
m the pouch young lecemng liter tlierap} 1101 weie positne lesults obtained 
tvhen 15 and 20 day iat fetuses weie empkned The} conclude that the embrto- 
genesis of blood m the opossum and the rat is unaffected b} the anti-pei nicious- 
anemia pnnciple and that ncithei embno should be utilized in the bioassat ot 
anti-peinicious-anemia piepaiations In discussing the negative lesults obtained 
m the fetal appioach to the lnoassai problem the authois point out a fallac} in 
its rationale namel} that the immature cell of the prematuie embnonic and that 
of the megaloblastic geneiation aie not C} tologically identical and that, iurther- 
more, the macrocytes in the blood of patients with pernicious anemia leflect a 
megaloblastic eiytlnopoiesis which is an abnoimal phenomenon, whereas the large 
erytlnoc}tes m embryonic blood are the matui e elements of a primitive s}stem 
of erythropoiesis which is a noimal ph}siologic piocess We consider that, allui- 
mg as the fetal method of bioassa} may seem when first consideied, the objections 
cited appeal to be valid 

An aiticle by Hays, Last and Koch 70 summanzes then obseivations of the 
effect of livei extiact on eiytlnopoiesis in the cluck embryo It is advantageous 
to use the chick embiyo as the hvei fi action can be injected directly into it with- 
out depending on placental tiansfei and, m addition, the absolute age is known 
with certainty They conclude, howevei, after caieful studies, that the late ot 
erythiopoiesis in the 3 to 7 day old cluck embr }0 cannot be utilized as a specific 
means of assay for liver extract, as the changes obseived aie not statistically 
significant 

78 Last, J H , and Hays, E E The Action of the Antipernicious Anemia Principle 
on the Blood Picture of Opossum Pouch-Young and Rat Embrvos, Am J if Sc 203 
836, 1942 

79 Hays, E E , Last, J H , and Koch, F C Effect of Liver Extiacts upon Eryth- 
ropoiesis in Chick Embryo, Am J M Sc 203 843, 1942 
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value only m the tieatment of patients who hate been anemic for a shoit time 
Ptesumabh this gioup includes those with acute loss of blood In patients whose 
hjpochiomic anemia is moie chionic, medicinal non supplemented b} the vitamin 
B complex is of tempoiaiy value, legal dless oi the quaht} of the diet, but the 
anemia tends to xeciu on discontinuance of the medication He lepoits that a 
propnetai) prepaiation containing non and a Inei concentiate w Inch is mislead- 
mgl) tenned “whole h\ei,” piowdes a beneficial efiect which peisists after the 
discontinuance of tieatment and “is appaienth capable of compensating foi shoit- 
comings m the diet This conti ibution so conti aij’ to the lecoided expeiience 
of clinicians geneialh, would scaiceh w an ant mention weie it not foi the wide- 
sptead publicity which is accoided to such lepoits thiough conuneicial channels 
Physicians geneiall) should lealize that the only medicinal agent of clmicalh 
proted talue in the tieatment of hjpochiomic anemia is iron but that m cases in 
w’lnch dietaiy deficiencies occui theiapeutic management should be based on 
appiaisal of the mdiwdual nututional status Castle 20 states “lion, therefoie, 
appeals to be the onlj agent of piactical nnpoitance m the tieatment of lrjpo- 
chromic anemia” Hoffman and Kiacke 00 state, “Mixed shotgun theiapy is 
entuel) unwauanted and it is extiemely expensive foi the patient” Othei lecent 
articles dealing with the tieatment of In pochi onnc anemia and confirming the 
therapeutic \alue of unsupplemented non salts hate been published by Fowdei, 01 
Bethea 02 and Beaid 03 

Anemia in Picgnancy — According to Pei alta-Ramos and Gascon, 04 Hippocrates 
observed the palloi of piegnant women and attnbuted it to the additional dram 
of the fetus Ii Nase, in 1836, was the first to find evidence of a decrease in the 
number of eiytlnocytes dui mg pregnancj’-, and he attributed it to an mciease 
m plasma volume Numeious studies by many investigators have upheld the essen- 
tial tiuth of these obseivations The picscnt authois examined the blood of 1,012 
women in Argentina at intervals thioughout gestation and arnved at the followung 
conclusions The majont) of healthy pregnant women show a decrease m the 
concentration of ciiculatmg erythrocytes beginning during the first month and 
i eaching a maximum at the ninth month of gestation , the hemoglobin level is also 
lowered, but the rate of decline becomes slowed during the last trimester Detei- 
mmations of the freezing point of the plasma, the concentration of the plasma 
proteins, the concentration of bilirubin and the number of circulating monocytes 
lent support to the view of the authors that the oligocythemia occui ring during 
piegnancy is due to a physiologic mciease m the destiuction of red blood cells 
rather than to hemodilution We agiee that the evidence indicates mci eased break- 
dowm of eiythrocytes during pregnancy but believe that ordinarily this change 
is compensated for by more active iegeneiation of erythiocytes On the other 
hand, increased volume ot plasma has been demonstrated by numerous quan- 
titative studies and can readily explain the physiologic oligocythemia of piegnancy 

The hemoglobin levels of 392 piegnant tvomen tvere determined by Hamilton 
and Wright 05 at intervals from about the third month to the termination of 

90 Hoffman, B J , and Kracke, R R The Diagnosis and Treatment of Hypochromic 

Anemias, South Med & Surg 104 1, 1942 

91 Fowler, W M Iron Deficiency Anemias, Clin Med 49 74, 1942 

92 Bethea, J M Uses and Misuses of Iron and Liver Extracts m Tieatment of 
Anemias, Memphis M J 16 187, 1941 

93 Beard, M F Treatment of Anemia, Kentucky M J 40 161, 1942 

94 Peralta-Ramos, A, and Gascon, A. A proposito de la seudo-anemia del embarazo 

Prensa med argent 29 929, 1942 

95 Hamilton, H A , and Wright, H P Development of Hypochromic Anaemia During 
Pregnancy Response to Iron Therapy, Lancet 2 184, 1942 
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between the ages of 8 and 18 yeais He found subliminal blood \aluts for 82 
pei cent of these gills The anemia was maciocvlic m 52 pci cent and hypo- 
chionnc m 38 pei cent The diets of these subjects vvue low in caloncs, piotem 
and mmeials, including non No attempt was made to estimate the intake of 
vitamins 

No lelation between the hemoglobin level and the daih intake of Mtanun C 
was found by Thomson, Gla/ebiook and fNlilUii in a stud) of adolescent bovs 
living m an institution The diet ot all the subjects was low in -vitamin C, but 
one gioup was given the vitamin as a medicinal supplement Appaienth, deter- 
minations of blood ascoibic acid wcie not peifonned 

A case of idiopathic hvpocluomic anemia occniimg in a man is lcpoited b) 
Cuine 80 The patient was 28 jeais old, his diet was considered to have been 
average m quality and quantity and he had no evidence of hemonhage Achloi- 
hvchia was found, the eivtluocvlc count was 3 700 000 pet cubic milhmetei and 
the hemoglobin, 48 per cent The sternal martow was not moblastie A reticulocyte 
lesponse with mciease m blood values followed tieatmcnt with iron and ammonium 
citrates In a joung male this type of blood picture not associated with demoli- 
sh able loss of blood is most unusual and alwa)s laiscs the question of occult 
hemonhage We have observed such patients who proved to have intermittent 
bleeding from intestinal telangiectases Hie ease ot a man 46 years old with 
seveie hypochiomic anemia, achloihydna and koilonv clua is icpoited by Clarke S7 
The patient had bleeding hemon holds, his symptoms vveie attnbutable cntirelv 
to the anemia, his heait was enlarged his tongue was beefy led and he showed 
no evidence of neuiologic change Recover) followed administiation of iron and 
ammonium citiates, 4 Gm clailv, but the anemia reclined when tieatmcnt was 
taken megularly Following a second i emission induced bv ferrous sulfate, 1 Gm 
daily , the return of lrydrochlonc acid in the gastric secietions was observed 

The regeneiation of hemoglobin after donations of blood was studied by Fowlci 
and Barer 88 After an aveiagc withdrawal of 555 cc the mean decline of hemo- 
globin m 200 donois was 2 3 Gm pei bundled cubic centimcteis In the majoiitv 
of instances the predonation level w as l estored in less than fifty dav s but 25 8 
per cent of the subjects requned more than two months foi complete recoveiv 
The rate of regeneiation was not letauled aftci multiple donations It was slovvei 
in females than m males The administiation of iron and ammonium citiates, 

1 Gm daily, was accompanied by an mciease in the aveiagc dailv regeneiation 
of hemoglobin amounting to 49 pei cent and the penod of lecoverv was shoitened 
fiom an aveiage of fort) -nine and six-tenths to one of thu tv-five and two-tenths 
days aftei the initial vvithdiavval of blood Following subsequent donations treat- 
ment with non had progiessively less ell eel on the penod of lecoveiy 

In an extiaoidmaiy aiticle Gottlieb s<) lepoits on evaluation of therapy m cases 
of hypochromic anemia Fie draws the conclusion that non salts alone aie of 

85 Thomson, S Glazebrook, A J , and Millar, W G Vitamin C and Anaemia, 
with Description of Photoelectric Colorimeter, J Hyg 42 103, 1942 

86 Currie, T P Idiopathic Hypochromic Anaemia in a Male Adult, Brit M J 1 
762, 1942 

87 Clarke, B G H\pochronuc Anemia with Koilonychia (Spoon Nails) Repoit of 
Case, New England J Med 227 338, 1942 

88 Fowder, W M and Barer, A P Rate of Hemoglobin Regeneration in Blood 
Donors, JAMA 118 421 (Feb 7) 1942 

89 Gottlieb, R Whole Liver as an Adjuvant to Iron in the Treatment of Hypochromic 
Anaemia, Canad M A J 47 456, 1942 
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to an) foi m of theiapy except tiansfusion of blood and teinnnation of the pieg- 
nancy The authois lepoit that m piegnancy the nnciocytic hypochiomic type 
of anemia may develop into the maciocytic type with a high coloi index dui mg 
tieatment with lion compounds In the treatment of anemia of piegnancy as 
obseived m India, they found the combined administration of medicinal non and 
livei extract to be of gieatest \alue Thnty of the patients m this senes weie 
obseived foi two to tluee months aftei dehveij, and all exhibited nonnal hema- 
tologic values Mudaliai and Menon see a 1 esemblance between the maciocytic 
anemia of pregnancy and pi eeclamptic toxemia In many of then patients dianhea 
pieceded the seveie symptoms of anemia In some instances ancylostomiasis may 
hate been an etiologic factoi 

A case of maciocjdic anemia in piegnancy associated with pi eeclamptic toxemia 
is lepoited by Piocopie and Ai mington 101 The anemia was attnbuted to defec- 
tive diet with hypei emesis and disturbance of gastnc secretion Impiovement 
followed admimsti ation of livei extiact 

The construction of diets to meet the needs of women during pregnancy and 
lactation is outlined b) Bethell and Blecha 102 In a stud) of the nutntional and 
the hematologic status of 49S women lesidmg in lural aieas of Michigan a 
positive cori elation was found between dietaiy deficiency of iron and hypochiomic 
anemia, and between inadequate intake of piotein from animal souices and 
macrocytic anemia 

On the African Gold Coast ovei a ten year period maciocytic anemia occuned 
m 100 hospitalized pregnant w’omen, appioximating 1 per cent of the total number 
of such women, accoidmg to Russell 103 Sixty-foui of the subjects tveie pnmipaias 
In 29 of the women the anemia occurred befoie the twenty-eighth week of 
gestation The incidence of malana, 29 per cent, and that of a positive Wassei- 
mann leaction were about the same m the gioup with anemia as m the population m 
geneial In most of the patients the anemia was seveie, but they lesponded well 
to liver extract therapy, and spontaneous lecoveiy usually followed termination of 
the pregnancy The authoi repoits that discontinuance of livei theiapy after 

1 emission had been induced was not followed by lecunence of anemia during the 
same piegnancy but that often the anemia leappeared during subsequent preg- 
nancies If the macrocytic anemia remains untreated, the prognosis is poor The 
mortality of hospitalized patients with macrocytic anemia w r as 5 per cent The 
author believes that the causation of the macrocytic anemia observed on the 
Gold Coast is complex and varied The most important factoi s, m order of 
probability were dietary deficiency, especially of the “extrinsic factor” of Castle, 
disturbance of gastric secretion, mtercuuent disease, such as malana, and pre- 
existing anemia from deficiency of iron 

The case of a 29 year old multipara, born m Ireland, who was first observed 
just before the termination of pregnancy, is reported by Daniel and Antis 104 The 
eiythrocyte count was 860,000 per cubic millimeter, the hematocut reading was 
12 per cent and the hemoglobin value 18 per cent Because of persistent nausea 
and vomiting, hei diet had been greatly restucted since the second month of 
gestation Free hydrochloric acid was present m the gastnc contents The patient 

101 Procopie, G , and Armington, C Pregnancy Complicated by Preeclamptic Toxemia 
and Pernicious Anemia, J Indiana M A 35 466, 1942 

102 Bethell, F H , and Blecha, E The Diet in Pregnancy, Clinics 1 346, 1942 

103 Russell, BAS Macrocytic Anaemia in Pregnant Women on Gold Coast, Lancet 

2 792, 1941 

104 Daniel, M , and Antis, M Macrocytic Hyperchromic Anemia of Pregnancy, Am J 
Obst &. Gynec 44 93, 1942 
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gestation lion and ammonium < mates 6 ( nn d.uh , win udmimMcicd to one 
half ot the gioup except toi cu tain ones who utentd fenous sultatc 1 he a\ eraqe 
hemoglobin lew cl ot the untieatul subjects showed a decline, whettas that of 
the tieated women was elevated \ tompanson with dat.i acquired eat her on a 
similai class ol subjects led the authois to the conclusion that the incidence ot 
anemia among picgnanl women ol the aitisan class was higher than hcfoic the 
w r ai The change was attiibutcd to mitiition.il elcluicmv, and routine prenatal 
admmistiation ot non as a piopln lactic incasmc as well as unpioc uncut of the 
diet was achoeateel \ snmlai eonelusion w is leached l>\ lliomas' 1 as a result 
ot detei munitions ot hemoglobin m eases of piegnam} 

In Cooig India considcicd an unhealth} loealih, low hemoglobin \nlucs among 
piegnant women and chilehen are exeeedingh ptewalent, accouhng to Time and 
Bopai\a“ I he deiieienej is attiibutcd to poor diet and to malaiial and lmokwonn 
infection, and was lemcdied b\ admimsliation of meelicin.il item \ monograph 
ot loo pages on the incidence the t\pc and the icsponse te> thciaj)} ot anemia 
ohsen ed in 529 pregnant women in Calcutta, India, has been published h\ Xapier 
and \ eal-lfdw ai ds 'J he data aie considered with icfeicntc to age pant}, nutri- 
tional status, ichgion and othei attiihutes ot the subjects and aie too lm oh eel and 
extensive to be icmcwccI here This most complete stuck should however, sene 
as a valuable icference 

Sixteen cases of macioc}tic anemia occuiring in piegnant women aie icported 
and descubed by Daudson, Da\is and Inncs M.urocuosis anisoextosis and 
presence of oval cnthrocUcs were not <is pionuncnl in the blood of these patients 
as in that of patients with tiue pernicious anemia Sternal aspiration lcvealed a 
megaloblastic reaction of the marrow in all but 1 of the 13 cases in which it was 
perfoimed A temporal} lefractoiy pcnod followed institution of paientcial beer 
theiap} in 10 of the patients, but e\ cntuall} all responded The authois suggest 
that the tiansient auest of eiytlnopoiesis may ha\e been due to the absence of some 
factor not supplied b} liver extiact and possibly contained in protein oi that the 
delay in theiapeutic response maj have been due to inabilit} of the manow to 
utilize the hematmic principle of liver as a icsult of the strain of piegnancy and 
the shock of labor in a severely anemic woman A decided chop in the blood 
i allies of these subjects was observed aflei delivery 

One hundred and three cases of maciocytic anemia occumng in piegnant women 
m India aie repoited by Mudahai and Menon 100 The subjects weie of varied 
economic status and dietary habits No deficiency of protein or of vitamin B 
complex was recognized, but the diets generally appeared to be inadequate m 
■vitamins A, C and D Anemia of maciocytic type was observed, moie frequently in 
multiparas than in primiparas and was recognized usually in the second oi the 
thud trimestei The color index was more often above than below unity Contrary 
to the reported experience of othei s, the authois found autolyzed yeast (mainute) 
of no therapeutic value Crude and refined concentrated livei exti acts w ei e equally 
effective in relieving the anemia, but in some instances there was no response 

96 Thomas, R C Haemoglobin of Pregnant Women, Brit M J 1 88, 1942 
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value befoie delivery than to the quantity of blood subsequently lost The author 
also states that “the low pienatal blood values pi evading among negroes on this 
seivice are an nnpoitant factoi contributing to their much greatei incidence of 
puerpeial morbidity” 

Evidence concerning the late of transmission of non fiom the maternal ah- 
mentaiy tract to the blood of the human fetus was obtained by Pommerenke and 
his co-workei s 100 They fed single doses of lion containing the radioactive isotope 
to pregnant women shortly before dehveiy or before theiapeutic abortion The 
radioactive iron was detected m the fetal circulation m as short a time as forty 
minutes after its ingestion by the mothei The authors therefoie conclude that 
the plasma lather than the erythrocytes, which would have to undergo pieliminary 
disintegiation, must be the vehicle foi the transmission of lion from the mothei 
to the fetus In the fetal tissues theie ivas wide dissemination of radioactive iron, 
with the largest poition present m the eiythiocytes and the next largest m the 
liver 

Mineial Metabolism and E a penmen tal Anemia — The phosphoius content of 
the whole blood and of the eiythrocytes of 7 anemic children was determined by 
Behrendt 110 In 5 childi en the anemia was of the hypochromic variety, while in 2 
the blood pictuie was characterized by a coloi index greater than 1 No correla- 
tion was observed between the retention of phosphorus by the led cells and the 
presence of any land of pathologic blood cells oi any special type of anemia 

In order to deteimine the effect of a high fat intake on the rate of destruction 
of erythrocytes as measured by the excretion of urobilin, Josephs and his 
associates 111 fed 6 noi mal infants between 5 and 8 months of age on diets which 
derived from 35 to 85 per cent of their caloric value fiom fats They found an 
increase of the fecal output of urobilin during the period of these diets, an increase 
independent of the type of fat Free fatty acids and soaps exerted a similar effect, 
suggestive of increased hemolysis There w r as also an abiupt but temporal y rise 
in the excretion of iron, which suggested to the authors that there may have been 
either a “washing out” of iron from storage depots or an excessive output of 
hemoglobin which was later counterbalanced by increased production of hemo- 
globin They are of the opinion that the hemolytic action of fats is probably 
due to the formation and absorption of soaps or fatty acids In the healthy infants 
studied the hemolytic effect was insufficient to produce anemia or a rise m reticulo- 
cytes, but the authors suggest that when the bone marrow is already being 
subjected to strain, such a diet may aggravate the situation 

Studies of the iron balance of 66 young women between the ages of 16 and 27 
years who were subsisting on self-chosen diets were undertaken by Leverton and 
Marsh 112 Observations were carried out during ninety-nine one week periods The 
average daily intake of lion provided an average daily storage of 1 37 mg , which 
was considered ample for replacement of noimal menstrual losses The authois 
state that diets optimum in other essential foods appeal to influence favoiably 
the absorption of lion 

109 Pommerenke, W T , Hahn, P F , Bale, W F, and Balfour, W M Transmission 
of Radioactive Iron to the Human Fetus, Am J Physiol 137 164, 1942 

110 Behrendt, H Studies on Blood Phosphorus Intracellular and Extracellular Blood 
Phosphorus m Anemia m Children and in Experimental Anemia, Am J Dis Child 64 
789 (July) 1942 

111 Josephs, H W , Holt, L E , Jr , Tidwell, H C , and Kajdi, C Influence ot 
Dietary Fat upon Excretion of Urobilin, Bull Johns Hopkins Hosp 71 84, 1942 

112 Leverton, R M , and Marsh, A G The Iron Metabolism and Requirement of Young 
Women, J Nutrition 23 229, 1942 
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lesponded to tiansfusion of blood and pnicntcinl injection of li\ei and wa« 
delneied spontaneously of a full teim In mg child 

Nineteen cases of se\eie anemia associated with piegnancy 01 the pueipcriuin 
aie lepoited b} Lcschei 10 "’ Nine of the women had ‘pernicious anemia of pieg- 
nancy ’ and hemolytic anemia of the Ledeiei hpc chaiaetei i/ed b\ an abiupt 
onset Ihc patients m the foimei gioup weie chiefly m the middle and latei 
yeais of the lepioductne penod, and the condition de\ eloped insidiously during 
the last tnmestei of gestation 'lhc changes in the quantitatnc and moiphologic 
chaiactenstics of the blood weie sumlai to those obsened in tine pernicious anemia 
but macioct tosis w r as less maiked, and leukopenia was absent In none of the 
patients weie theie signs lefeiable to changes in the central nenous system and 
in all theie occuried a piompt i espouse to hvci therapy In the gioup charactenzed 
b) hemohtic anemia, the lapid lowenng of the blood values was not associated 
with spheiocy tosis 01 with inci eased fragility of the eiylluocytcs Reticuloc} tosis 
and biluubmemia weie piesent The anemia failed to icspond to Iner theiapy 
but the condition was often completely rehe\ed by blood transfusion 

The case of a 27 yeai old typist wdio presented the features ot aplastic anemia 
at the fouith month of gestation is repoited by Huiwitt and Field 10b ITemorihagic 
manifestations piedonnnated, all of the cellulai elements ansing fiom the mariow 
weie 1 educed m numbei and at neci opsy the diagnosis was confiimed Theauthois 
ie\iew the hteiatuie on the subject and find evidence that the association ot aplastic 
anemia and piegnancy may be moie than coincidental In such cases they adtise 
teimmation of the pregnancy whenevei this is feasible Stodtmeistei and Buch- 
mann 107 leport a case of aplastic anemia in a woman of 41 yeais who was first 
seen twelve days aftei she had given both to a full teim healthy infant There 
was a histoiy of piogiessive weakness and inci easing edema throughout the last 
two mouths of gestation The eiythiocyte count was said to be 300 000 pei cubic 
millunetei and the hemoglobin value 10 pei cent The leukocyte count was 
14,200 per cubic millimeter with a neutioplnl peicentage of 79 The platelet \alues 
were not abnoimal Fiee acid w r as piesent in the gastnc contents No 1 espouse 
was obsened following paienteial injection of a pioduct conesponding to a punfied 
solution of livei U S P , but the patient reco\ ei ed aftei blood ti ansfusions 
Aspnated sternal mairow levealed a selective absence ot matuiation of eiythro- 
cyUic elements The authois draw an analogy between such inhibition of eiyth- 
ropoiesis leading to “acute aplastic anemia’ and a similai ariest of gianulocyte 
oi platelet development giving use, lespectively to agranulocytosis and thiombo- 
cytopemc puipura 

The hemoglobin levels and the incidence of febnle puerpeial moibidity among 
1001 multipaias weie coi related by r Bickeistaft 10b He found an almost nmntei- 
lupted decline in the incidence of febnle moibidity wnth inci easing values of 
hemoglobin the relationship peisistmg until the hemoglobin level appioached 
12 Gm pei hundred cubic centuneteis Excessive loss of blood at paituiition 
was also 1 elated to the incidence of fevei, but unless the hemonhage was of a 
serious degiee, the occunence of fevei was moie closely'' i elated to the hemoglobin 

105 Leschei, F G Grave Anaemias in Piegnanc\ and the Puerperium Repoit of 
Se\enteen Cases, Lancet 2 148, 1942 

106 Hurwitt, E S, and Field, L Aplastic Anemia m Pregnancy, Am J Obst &. Gmec 
43 42 1942 

107 Stodtmeister, R and Buchmann, P Ueber aplastischanamische Ivnse in der 
Scliw angerschaft, Klin Wchnschr 21 701, 1942 

108 Bickerstaff, H J Relationship Between Late Prenatal Hemoglobin Le\els and 
Febnle Puerperal Morbidity, Am J Obst & Gvnec 43 997, 1942 



BETHELL ET AL— BLOOD 


891 


article Hahn and Ins associates 11711 repoit that values for the total erythiocyte 
volumes of normal and anemic dogs when detei mined eithei by vivipei fusion 117b 
01 by the use of “ladioactive iron tagged led cells” were from 10 to 40 per cent 
lower than the values obtained by simultaneous hematocrit and plasma volume 
determinations They state that because of the i datively stationary plasma film 
next to the walls of the vessels the hematocnt value of the entne vascular system 
is considerably below that of the laige vessels and that the cell plasma ratio of the 
smaller vessels is still lower In the dog they found no evidence of considerable 
stores of immobilized red cells The “lapidly cnculating blood volume” obtained 
by dividing the eiythrocyte volume as measuied by the radioactive iron method 
by the venous hematocnt value was found to be consideiably less than the total 
blood volume The “lapidly cnculating blood plasma” amounts to about 80 per 
cent of the total blood plasma 

A numbei of othei studies dealing with mineial metabolism and factors in 
the pioduction of hemoglobin in expenmental and clinical anemic states have 
been published by the gioup in Rochestei, N Y, working under the direction of 
G H Whipple Balfour and his associates 118 studied the absorption of iron by 
means of its radioactive isotope in 34 patients tvith a variety of clinical conditions 
The absorption w r as increased m pregnancy but not m pernicious anemia, hemo- 
chromatosis, familial icterus, eiytluoblastic anemia, leukemia, chiomc infections 
and polycythemia They believe that the absorption of iron is governed by the 
reserve stoies of iron m the body lather than by the presence of anemia and that 
“this conti ol is exeited upon the gastro-mtestmal mucosa which can lefuse or 
accept iron under vanous conditions ” 

Cruz, Hahn and Bale 110 pioduced acute destruction of red cells by administer- 
ing acetylphenylhydrazme to n on-depleted dogs and to others with adequate or 
excessive iron stoies Previously, radioactive iron had been introduced into the 
erythrocytes by oral administration ovei a twenty-day period The radioactive 
iron was detected and measured in the new erythrocytes formed m response to the 
hemolysis within a few days and as soon as there tvas evidence of legeneiation 
This occurred in all the dogs, mespective of depletion oi of excess stoiage of 
iron and indicated that the greater part of the iron utilized in the synthesis of 
hemoglobin is derived directly from disintegrated erythrocytes rather than from 
storage reserves Accoidmg to Ciuz, Hawkins and Whipple, 120 healthy, non- 
anennc dogs in which bile fistulas have been produced excrete hemoglobin pigment 
almost quantitatively aftei either the administration of acetylphenylhydi azine or 
the intravenous injection of hemoglobin, but the animals’ capacity to form new 
hemoglobin remains unimpaired and the regeneration is not affected significantly 
by the constituents of the diet 

117 (a) Hahn, P F, and others Red Cell and Plasma Volumes (Circulating- and 

otal), as Determined by Radio Iron and by Dye, J Exper Med 75 221, 1942 ( b ) Whipple, 

H Hemoglobin of Striated Muscle Variations Due to Age and Exercise, Am J Physiol 
693, 1926 

118 Balfour, W M , and others Radioactive Iron Absorption in Clinical Conditions 
1 orma b Pregnancy, Anemia, and Hemochromatosis, J Exper Med 76 15, 1942 

119 Cruz, W O , Hahn, P F , and Bale, W F Hemoglobin Radioactive Iron Liberated 
r Erythrocyte Destruction (Acetyl Phenylhydrazine), Promptly Reutihzed to Form New 

hemoglobin, Am J Physiol 135 595, 1942 

A 120 Y 7 O , Hawkins, W ’B , and Whipple, G H Acetyl Phenylhydrazine 

rcnna, Bile Pigment Elimination and New Hemoglobin Reconstruction in Bile Fistula 
Am J M Sc 203 848, 1942 
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Black and Powell 11-1 gave 1 litci of blood by duodenal tube to each of 2 patients 
with iron deficiency anemia associated with achlorh}dria and to a normal pci son 
with abundant secietion ot hydrochloric acid From 10 to 25 per cent of the 
non contained m the ingested blood was not lecovcied in the feces, although a 
larger amount was excreted by the health) subject Of the iron which was 
appaiently absoibed, some hut not all could he accounted foi as “easih split-ofl’’ 
lion (Balkan) 1 he remainder must hare been derived from hemoglobin, 
which indicates that conti aiv to earlici lepoits, in the ahmentar) tiact the 
hemoglobin molecule may he decomposed with icleasc of an absorbable lion 
compound, even m the piesence of achloihjdria 

The iron and the coppei contents of the livers, spleens stomachs and when 
piesent, tumor tissue of 15 conti ol subjects 23 patients with cancer plus anemia and 
11 patients with noncancerous diseases plus coi responding!) sevcie anemia were 
determined by Gioss, Sandberg and Holly 111 1 here was abundant storage of iron 
and copper in the liveis and spleens of man) patients with cancel, and the lc\ cl 
of storage bore no i elation to the incidence oi the scverit) of anemia There were 
normal oi greater than noimal amounts of lion and coppei in the stomachs of such 
patients, so that the hypochromic anemia could not he accounted for bv inadequate 
stoies of these metals The tumor tissue itself showed marked admit) for 
copper 

The hypochiomic non deficiency anemia induced in adult dogs b) lcpeated 
venesection failed to respond to the admunstiation of iron and copper salts 
when high levels of cobalt were added to the diet, according to McKibbin and bis 
co-w'orkers 110 Rapid regeneration of hemoglobin occurred, however, when the 
lation was further supplemented with dry whole liver or livei extracts The 
authors report that S)nthetic B vitamins, bile salts, cysteine, uroptcrin concen- 
trates and large doses of iron when fed individually failed to exhibit the activity 
of liver preparations hut that when all of these supplements were administered 
collectively, regeneration of blood occurred comparable to that induced with liver 
preparations However, m animals fed the mixture of pine supplements the blood 
plasma iron was not mobilized, as it always is during liver therapy The) also 
found that when dogs with chronic anenna due to withdrawal of blood were fed a 
highly purified ration supplemented only with synthetic vitamins they retained their 
ability to regeneiate hemoglobin and erythrocytes and that lecovery was complete 
m two weeks after discontinuance of phlebotomy 

The blood volume of the dog is constant, m spite of varying degiees of anemia 
according to Hahn, Bale and Balfour, 110 whose studies were based on the use of 
radioactive iron They found that deficits in erythrocytes were compensated for 
by corresponding increases m plasma volume and that ladioactive non contained 
within circulating red cells was leutilized piomptly m the formation of new 
erythrocytes after the physiologic destruction of the oldei forms In another 

113 Black, DAK, and Powell, J F Absorption of Haemoglobin Iron, Biochem J 
36 110, 1942 

114 Gross, H , Sandberg, M , and Holly, O M Changes m Copper and Iron Retention 
in Chronic Diseases Accompanied by Secondary Anemia Changes in Liver, Spleen and 
Stomach, Am J M Sc 204 201, 1942 

115 McKibbin, J M , Schaefer, A E Elvehjem, C A , and Hart, E B Studies 
on Hemorrhagic Anemia in Dogs, J Biol Chem 145 107, 1942 

116 Hahn, P F , Bale, W F, and Balfour, W M Radioactive Iron Used to Study- 
Red Blood Cells over Long Periods The Constancy of the Total Blood Volume in Dog„ 
Am J Physiol 135 600, 1942 
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' lion m the f 01 m of chelidamate complexes was admimsteied parenteially to 
1 ats and i abbits by Bi ow nlee, Bambi ldge and 1 liorp 1 _G These pi epai ations wei e 
shown to be rapidly transposed to the livei, the spleen and the kidneys and to be 
outstanding as factois m the pioduction of hemoglobin by 11011-deficient animals 
After parenteral injection none of the 11011 was excieted by the intestine They 
found that injected non was exceedingly toxic to lats with hvpochiomic anemia 

To rats who had been made seieiely anemic by means of an exclusive nnlk 
diet Fieeman and Ivy 127 fed supplements of non, coppei and manganese, and to 
different groups a ai 1011s antacids v r ere given J hey found that the retention of 
non by these animals was gieatlv 1 educed wdien either calcium caibonate 01 alumi- 
num hydroxide was gnen Magnesium tusilicate caused a 1 eduction 111 letention 
of iron, but to a degiee of questionable significance Aluminum phosphate had no 
eftect on the letention ot non The detei minations weie made by ashing the ani- 
mal cai casses entire The conclusion is diawn that the intake of non should be 
increased m cases in which theie is consumption of aluminum hydi oxide 01 calcium 
caibonate 

Gyoigy 128 and his co-woikeis found that ciude hnoleic acid fed with 01 with- 
out butter yellow 111 a synthetic diet was toxic to lats and led to progiessive 
h)pochiomic anemia with leukopenia and loss of weight The effects of hnoleic 
acid were neutralized by admimstiation of yeast Accoidmg to Han 1 son , 5 20 lats 
made anemic by means of a nnlk diet responded slightly less w'ell to iron and 
copper supplements when phytic acid w r as included in their diets This study was 
motivated by the observation, made previously, that ph)tic acid conti lbutes to 
the pioduction of nckets 111 rats by precipitating dietaiy calcium, and it was 
thought that a similar effect might be exeited on ingested non 

The concentiation of copper 111 the blood of sheep and cows was detei mined 
by Beck 130 He found no absolute cori elation between the values obtained and 
the development of anemia, but he states that anemia gcneially occuis if the coppei 
level of the blood falls below 01 to 0 2 mg pei liter for any length of time 
Sudden death, the “falling disease,” is a not infrequent occuiience among cattle 
in certain aieas of Australia Bennetts, Harley and Evans 131 have demonstrated 
quite conclusively that the death of these animals is due to seveie anemia conse- 
quent on deficiency of copper Neciopsy levealed atrophy and fibiosis of the 
heart similar to the staivation atrophy of the myocardium obseived m human 
beings and death is attributed presumptively to eithei ventnculai fibrillation or 
heart block It is suggested that copper may be necessaiy to the oxidation- reduction 
enzyme systems of bovine cells The tendency of the disordei to be manifest m 
the spnng is believed to be due to the special stress and stiam incident to this 
season, including lapid mciease in weight, pregnancy and paituntion 


126 Brownlee, G, Bambndge, H W, and Thorp, R H The Phaimacology of Iron 
m Pare nterai Treatment, Quart J Pharm & Pharmacol 15 148, 1942 

, Bieeman, S, and Ivy, A C The Influence of Antacids upon Iron Retention by 
the Anemic Rat, Am J Physiol 137 706, 1942 

Gjorpr, P Tomarelh, R , Ostergard, R P , and Brown, J B Unsatuiated Fatty 
m Dietary Destiuction of N, N-Dimethylaminoazobenzene (Butter Yellow) and m the 
Production of Anemia m Rats, J Exper Med 76 413, 1942 

nn D C Phyt!C Acid m Anaemia > Irish J M Sc, 1942, no 201, p 540 

Biol & M; C Sc 19^49 ^194i eS ° n ^°° d Copper Sheep and Cows, Australian J Exper 
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Yoshikawa, Hahn and Bale 121 found that “following the ingestion of ladio- 
active copper by the dog. the metal appeals quickly in the plasma, the concen- 
tiation reaching its peak in fiom two to five houis, aftu which it falls abruptly” 
The copper also appeals in the cnculating entluocUes and the aulhoi s’ data 
suggest that m dogs m which legeneiation of eiUhiocyles is accelerated, because 
of previous hemoiihage the uptake of coppei is somewhat moie extensne than 
it is m nonanemic animals This eflcct, howeier nut be due to gieatei absorp- 
tion of copper by the newly formed led cells 

In stimulating the pioduction oi hemoglobin m anemic dogs Rokchcit-Robbins 
and Whipple 122 found the action of coppei iambic In some instances coppei 
enhanced the eftect of lion, but in otheis legeneration was slowed Hie diets 
w^ere not deficient in coppei and the hepatic and the splenic tissue of the anemic 
animals contained moie of the metal than is picsent m the organs ot normal dogs 
The authors suggest that copper ma) exeil an effect on cn/une complexes related 
to the production of globni and hemoglobin When cobalt was administered to 
dogs, no tendenc) tow aid pohcuhenna was obsened, but the ingestion of more 
than minimal amounts of cobalt exerted an inhibitoi \ eflcct on the formation 
of hemoglobin in lesponse to admimstiation of non 

Whipple and Robscheit-Robbms ’- 1 measured the hemoglobin-producing fac- 
tois contained in human liveis (obtained at neciops) from patients w-ith \anous 
clinical conditions) by administering such material to dogs icndered anemic b\ 
repeated bleeding It was found that in pernicious anemia in relapse and in 
aplastic anemia laige stoies of- such factois were picsent Following h\er therap) 
the values in pernicious anemia weie reduced Conditions associated with “secon- 
dai)” anemia weie chaiactemed b\ low 01 low noimal \ alucs as determined In 
the production of hemoglobin In pol) cythemia, In poproteinenna, pregnane) with 
and without eclampsia, and lactation the values were abnormalh low, whereas 
m hemochromatosis, ei) throblastic anemia and hemohtic icterus the values w r ere 
within or close to the normal range A wide lange of icsults was obtained in 
connection with leukemia A geneial discussion of the lole of ammo acids in 
the formation of hemoglobin based laigely on pre\iousl\ lepoited w r ork, w T as pub- 
lished by Robscheit-Robbins 

Administration of a single therapeutic dose of copper containing the radio- 
active isotope, 20 Cu G b obtained by bombaidment of nickel lesulted in gi eater 
retention of the metal b) coppei -deficient lats than by iron-deficient animals, 
according to Schultze and Simmons 1 - 5 In both gioups onl) a small Faction of 
the copper fed was letamed Within twent\-foui to forh -eight boms aftei inges- 
tion the greatest deposition of coppei was found in kidney, livei and mairow r , in 
that order 


121 Yoshikawa, H , Hahn, P T , and Bale, W T Red Cell and Plasma Radioactive 
Copper in Normal and Anemic Dogs, J Exper Med 75 489, 1942 

122 Robscheit-Robbms, F S , and Whipple, G H Copper and Cobalt Related Hemo- 
globin Production in Expeumental Anemia, J Expei Med 75 481, 1942 

123 Whipple, G H , and Robscheit-Robbins, F S Hemoglobin Production Factors in 
the Human Liver Anemias, Hypoproteinemia, Cnrhosis, Pigment Abnormalities and Preg- 
nancy, J Exper Med 76 283, 1942 

124 Robscheit-Robbins, F S Amino Acids in Hemoglobin Foimation, Federation Proc 
1 219, 1942 

125 Schultze, M O , and Simmons, S J Use of Radioactwe Coppei in Studies on 
Nutritional Anemia of Rats J Biol Chem 142 97, 1942 
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histories of jaundice and anemia, who exhibited lasting erythroblastosis aftei 
splenectomy with no improvement m then anemia but with cessation of hemo- 
clastic crises In all 3 cases the erythrocytes were of noimal fragility, and m no 
case was spherocytosis observed Five cases of hemolytic anemia, apparently not 
of the familial or spherocytic type, are reported by Sharpe and Tollman 136 No 
cause for the hemolysis was discovered in any of these cases, and splenectomy 
was followed by slight improvement but no real cuie Hyperplasia of reticulum 
cells and phagocytosis of pigment were observed m the spleens, otherwise there 
were no definite pathologic changes 

A case of hemolytic anemia due to the presence of autoagglutinins and 
hemolysins is reported by Reisnei and Kalkstem, 137 who point out that auto- 
agglutinms are actually panagglutinms m that they act not only on the subject’s 
red cells but on the erythrocytes of all other persons The phenomenon is a true 
antibody reaction, and absorption of the antibody by the red cells can be demon- 
strated The agglutination is usually accelerated by cold and retarded by heat, 
but in the case repoited the reaction persisted m spite of warming to 37 C 
(98 6 F ) The agglutinin could not be separated fi om the erythrocytes Improve- 
ment followed splenectomy, and transfusions, which pieviously had been followed 
by severe hemolytic reactions, were tolerated after the opeiation, with resulting 
rise in the red cell count The antibodies, however, persisted m the plasma, but 
presumably m insufficient concentration to produce an m vivo reaction The 
death of this patient occurred on the ninth day after operation, apparently from 
exsangumation into the gastrointestinal tract Necropsy was not performed 

The case of a man 41 years old with Gaucher’s disease associated with severe 
hemolytic anemia is reported by Mandelbaum, Berger and Lederer 138 The ery- 
throcytes were not deficient in resistance to hypotonic salt solution, but occasional 
microspherocytes were seen Splenectomy was followed by decided and continued 
improvement Brewster and Wollenman 139 observed a patient with myeloid 
metaplasia of the spleen accompanied by acute hemolytic anemia No extrinsic 
or intrinsic etiologic factois which might have accounted for the increased destruc- 
tion of blood were discovered There was increased fragility of the red cells, but 
the disease underwent exacerbation after splenectomy and terminated fatally 
Pathologic evidence suggested that the spleen of this patient was an important 
blood-forming organ 

The literature on the familial anomaly of erythrocytes known as elhptocytosis 
is reviewed by Cooley 140 Sixty-four families containing 246 affected persons 
have been reported Of the affected ones, about 15 per cent were anemic The 
fragility test was performed m two thirds of the cases, and decreased and normal 
resistance were observed in about equal numbers of cases The author states 
that the erythrocytes do not acqune the characteristic oval foim until they leave 
the reticulocyte stage of development According to him, transfusion experi- 
ments indicate that cells of this type live only about half as long in the circulation 
as noimal cells Cooley’s own patients with elhptocytosis all showed anemia, 

136 Sharpe, J C, and Tollman, J P Refractory Hemolytic Anemia A Report of Five 
Cases m Which Treatment Was with Splenectomy, Arch Int Med 70 11 (July) 1942 

137 Reisner, E H , Jr , and Kalkstem, M Autohemolysmic Anemia with Auto- 
Agglutination Improvement After Splenectomy, Am J M Sc 203 313, 1942 

138 Mandelbaum, H , Berger, L, and Lederer, M Gaucher’s Disease A Case with 
Hemolytic Anemia and Marked Thrombopema Improvement After Removal of Spleen 
Weighing 6,822 Grams, Ann Int Med 16.438, 1942 

139 Brewster, H H , and Wollenman, O J , Jr Myeloid Metaplasia of the Spleen with 
Acute Hemolytic Anemia Report of a Case, New England J Med 227 822, 1942 

140 Cooley, T B Elhptocytosis and Anemia, Am J Dis Child 64 190 (July) 1942 
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IIEMOIA TIC AND ERYTIIROBLASHC ANEMIAS 

Congenital and Acqimed Types — The hemolytic syndromes aie discussed, 
with a leview of the lecent hteiature on the subject, by Dameshek, 312 who gnes 
the following classification of these disorders 

A Hemoglobinurias (exceedingly rapid hemolysis, yy ith hcinoglobmemia and hemoglobinuria) 

1 Paroxysmal cold 

2 Paroxysmal nocturnal 

3 March 

4 Favism 

5 Unclassified types 

B Hemolytic anemias 

1 Hereditary 

a Spherocytic 

b Target cell (Mediterranean) 
c Sickle cell (African) 

2 Acquired (acute, subacute and chronic types) 

a Chemical, including the sulfonamide drugs ' 

b Immune body (hemolysins and agglutinins), including erythroblastosis foetalis 
c Idiopathic, including hypersplcmc types 
d Symptomatic 

A hemolytic index has been devised by Millei, Singei and Dameshek 133 which 
expresses the daily fecal output of urobilinogen per hundred grams of circulating 
hemoglobin This value is obtained by the calculation 

Average (of 4 days) daily output of fecal urobilinogen (mg) X 100 

total blood \ olume 

Total hemoglobin (hemoglobin m Gm per 100 cc X 

100 

Noimal values foi the hemolytic index range between 11 1 and 20 8 The \ alues 
are increased in cases of hemolytic anemia, pernicious anemia, Cooley’s anemia 
and, to some extent, Gauchei’s disease The values are below noimal in cases of 
anemia due to deficiency of iron and cases of polycythemia and aftei splenectomy 
for any condition 

A family of which seveial members yvere afflicted yvith congenital hemolytic 
jaundice has been leported by Coopei 134 from Melbourne, Australia The intei - 
estmg featuie of these patients yvas then similarity m many respects to patients 
yvith Cooley’s erythroblastic anemia The mongoloid facies yvas present, and there 
yvere extensive and characteristic changes in the bones of the y^ault of the skull 
The author discusses the lelationslup of congenital hemolytic jaundice, sickle cell 
anemia and erythroblastic anemia Three cases of chronic familial hemolytic 
anemia m which an erythroblastic leaction, manifest m the circulating blood, fol- 
lowed splenectomy are reported by Stransky and Regala 130 One of the patients 
was a man of 23 years, m whom the erythroblastosis persisted for only a feyv days 
and was followed by the appearance of Hoyvell-Jolly bodies and a rapid increase 
m erythrocytes Two of the patients weie girls 6 and 8 years old, yvith family 

132 Dameshek, W Hematology Anemia, with Particular Reference to the Hemolytic 
Syndrome, New England J Med 226 339, 1942 

133 Miller, E B , Singer, K , and Dameshek, W The Use of the Daily Fecal Output 
of Urobilinogen and the Hemolytic Index m the Measurement of Hemolysis, Arch Int Med 
70 722 (Nov) 1942 

134 Cooper, E L Familial Acholuric Jaundice Associated with Bone Changes, Ann 
Int Med 15 858, 1941 

135 Stransky, E , and Regala, A C Erythroblastic Anemia Following Splenectomy in 
Cases of Chronic Familial Hemolytic Anemia, Am J Dis Child 63 859 (May) 1942 




DETHELL ET AL— BLOOD 


897 


langed flora 19 months to yeais The clinical pictuie consisted of a sudden 
onset of fevei, hemoglobinuria, splenomegaly, anemia, jaundice and a rapid couise 
terminating m death of 2 of the 4 childien There was no family history of a 
similai illness oi of another foim of blood dyscrasia m any of these patients 
One of the patients who succumbed to the disease had had measles fifteen days 
piewousl) The authois discuss the causes of hemoglobinuria and hemoglobmemia 
as seen m infancy and state that these conditions may be associated with a vanety 
of processes, including intoxications from chlorates, sulfanilamide and its derivatives, 
hydrogen sulfide, ai sines, snake venoms, mushioom poisons, spidei bites and 
seveie bums Among infectious agents lesponsible for acute hemolysis aie men- 
tioned scarlet fevei, typhoid fever, diphthena, pneumococcic infections, measles, 
eiysipelas and malaria Rather suipnsingly, the authois fail to lefei to sensiti- 
zation to the protein of foods or inhalants as the mechanism lesponsible foi this 
syndiome m some instances Tlnee othei types of pathologic process are con- 
sidered m the difteiential diagnosis of the cases leported They are paroxysmal 
hemoglobmui la, acute hemolytic anemia of Ledeiei and the hemolyTic crises of 
congenital hemolytic jaundice The chaiactenstic featuies of each of these con- 
ditions aie descnbed The cases repotted appear to fall in the second gioup, 
although the agents lesponsible foi the acute hemolysis remain obscure 

With leference to a discussion of maich hemoglobinuria, Comerford 145 in a 
lettei to the editoi of the Butish Medical Journal describes his own case observed 
m the 1880’s after long distance running He stated that his trainer legal ded 
the passage of “poit wine coloied” mine as a common phenomenon among par- 
ticipants in this type of spoit 

The behavior of erythrocytes obtained from normal subjects and fiom patients 
with a vanety of clinical diseases m response to the hemolytic action of saponin, 
sodium caibonate, sodium oleate, ethyl alcohol and hypotonic sodium chloride 
solutions was detei mined by Wieczorowski and Fishback 140 No changes of 
diagnostic value weie found 

By intravenous injections oi rattlesnake venom Bethell and Bleyl 147 were able 
to induce m dogs, rabbits and a monkey nuciospheiocytosis, leticulocytosis, anemia 
and increased fragility of erythiocytes After a numbei of these injections the 
animals became refractory to the action of the venom and the blood values returned 
to normal The refiactoiy period persisted foi about two weeks after discon- 
tinuance of the injections Splenectomy, although followed by moiphologic changes 
in the circulating blood, did not affect the response of the animals to subsequent 
injections of venom 

A case of acute hemolytic anemia following administration of phenothiazme 
(anthelminthic) is reported by Johnstone 148 He states that of 58 cases m which 
this diug was used, some foim of toxic leaction severe enough to lequire tieat- 
ment has occuned m 8 Accoidmg to Collier and Allen, 149 phenothiazme m vitro 

145 Comerford, B H March Haemoglobinuria, But M J 1 774, 1942 

146 Wieczoi owski, E, and Fishback, HR A Study of Type Hemolytic Reactions ot 
Human Red Blood Cells in Disease, J Lab & Clin Med 27 542, 1942 

147 Bethell, F H , and Bleyl, K The Production of Microspherocytosis of Red Cells 
and Hemolytic Anemia by the Injection of Rattlesnake Crotalus atrox Venom, J Clin Inves- 
tigation 21 641, 1942 

148 Johnstone, R D C Acute Haemolytic Anaemia Following Phenothiazme Theiapy, 
Bnt M j 1 259, 1942 

149 Collier, H B, and Allen D E The Haemolvtic Action of Phenothiazme Deriva- 
tives, Canad J Research 20 283, 1942 
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which was to be expected, since they weie lcfcned to him for that reason and 
all weie males, which was unexpected, since the ti ait is mheiitcd as a mendehan 
dominant Lasting lelief fiom the anemia may follow blood tiansfusions 

The subject of Mediteiianean anemia is re\iewed by M L Goldhainei, 1 ' 1 who 
leports 12 cases in a family of Italian origin, the patients rcpiesentmg tlnce 
geneiations Among them, icatuies definitely indicative and featmes suggestive 
of Meditenanean anemia weie obseived The piesence of “target’ cells and the 
mci eased lesistance of the ciytlnocytes to hypotonic salt solution weie cardinal 
chai actenstics No fonn of theiapy cmplo\ed was of specific \alue, including 
administration of medicinal non and h\ei preparations and maintenance on diets 
high m piotem and vitamins 

Familial nonhemolytic jaundice, although not a disorder aficcting the coipuscu- 
lai elements of the blood, is piopeily cons.deied m conjunction with the hemolytic 
anemias because of the likelihood of its being confused with them An instance 
of this disease in an Iiishman of 50 years is repoitcd In Guriy Grcenwalt and 
Tat 11 - The patient had been jaundiced since birth ITe piescnted no evidence 
of disease of the livei ot of the spleen and no anemia oi reticuloc\ tosis Hu 
output of fecal urobilinogen was low, and the urman urobilinogen was normal 
Splenectomy, peifoimed some yeais before had been without effect on the jaundice 
Biopsy of the liver levealed no pathologic change, and the lesults ot tests ot 
hepatic function weie noimal The blood bilirubin level was cle\ ated the urine 
was free fiom bile, and the ingestion of sodium deln dioeholate was not lollowed 
by an mciease m fecal urobilinogen The patient’s sister, aged 54, suffered from 
the same disorder 

The Maichiafava-Micheh syndrome is defined by Dameshek 3IJ as “chionic 
hemolytic jaundice with paioxysmal nocturnal hemoglobinuria and perpetual 
hemosideiinuna ” Two cases aie leported One of the patients was a woman ot 
20 years, one of identical twins whose twin w r as not affected, and the othei was 
a man of 23 yeais on wdiom splenectomy had been perfoimed fourteen months 
befoie This disease is characterized by either an abiupt or a gradual onset due 
to unknovm factors and by the development of a specific and pecuhai tvpe ot 
hemolytic antibody to which the red blood cells are sensitized The cells are 
unusually susceptible to acid hemolysis Gieatly increased destruction of blood 
occurs with unusually maiked and chiefly nocturnal hemoglobmemia and hemoglo- 
bmuna Theie is also peisistent hemosideiinuna, and both the hemoglobmuna 
and the hemosideiinuna aie appaientlv mediated through the kidney Accoiding 
to the authoi, this disease should be thought of in all cases of obscuie hemolytic 
anemia, and in such cases the acid fragility test and an examination foi hemosiderin 
should be done The piognosis of paioxysmal nocturnal hemoglobmuna is unfav- 
orable, and deposition of hemosideim m the kidney frequently leads to impairment 
of renal function 

Four cases of hemoglobmuna occuinng in boys, 3 of whom weie oi Jewish 
exti action, aie lepoited by Acuna and Gambnassi 111 The ages of the subjects 

141 Goldhamer, M L Mediterranean Anemia in the Adult (A Family History Anal- 
ysis), Ohio State M J 38 321, 1942 

142 Curry, J J , Greenwalt, T J, and lat, R J Familial Non-Hemol) tic Jaundice 
Report of a Case with Liver Biopsy, New England J Med 226 909, 1942 

143 Dameshek, W Paroxysmal Nocturnal Hemoglobinuria , Marchiafava-Micheh Syn- 
drome, Bull New England M Center 4 224, 1942 

144 Acuna, M , and Gambirassi, AC A proposito de algunos casos de hemoglobinuria 
con smdrome anemoicterico agudo, grave (anemia hemolitica, de Lederer), Arch argent de 
pediat 17 421, 1942 
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lobar pneumonia showed acute hemolytic anemia Hipsley 134 repoi ts a case of 
severe hemolytic anemia m a girl of 3 years who received only 3 grams (0 19 Gm ) 
of sulfapyndme m treatment of acute tonsillitis and whose eiythrocyte count 
twenty-foui houis later was 1,430,000 pei cubic millimetei The patient recovered 
following transfusion therapy 

Foy and Lewis 155 studied the effect of blood transfusion m the hemolysis 
associated with blackwater fever and that caused by the admimstiation of sulf- 
anilamide or its derivatives In neither of these hemolytic states did they find 
any evidence that blood tiansfusions aggiavate the destiuction of erythiocytes 

The effect of promm (a glucoside derivative of 4,4-diaminodiphenyl sulfone) 
on the blood was investigated b}' Hall and his associates 100 This compound was 
administered m 70 cases of tuberculosis In 64 of the cases the disease involved 
the lungs, and m the remainder it was a meningeal, renal or bone infection The 
drug was usually given by mouth and thus admimsteied it was much more toxic 
with respect to incidence and severity of hemolytic anemia than when given by 
a parenteral route After daily'- doses of 3 2 Gm had been given for a period of eight 
to ten days, hemolysis usually developed, accompanied by anemia, leukocytosis and 
thrombocytosis When the doses given during the initial period of administration 
were relatively small, “tolerance” was sometimes acquired, which was interpreted as 
a state m which regeneration of eiythrocytes was stimulated to such an extent that 
anemia either failed to develop or was minimal On discontinuance of the medica- 
tion the blood values returned promptly to noimal, without evidence of lesidual 
harmful effects on the hemopoietic system One of the patients had extremely 
severe anemia, with an erythrocyte count of 900,000 per cubic millimeter, after 
1 6 Gm of promm had been administered daily foi three days When the admin- 
istration of the drug was discontinued, recoveiy was spontaneous 

Eiythi oblast osts Foetahs and Icterus Gravis Neonatoium — In a pathologic 
study of erythroblastosis Javert 157 classifies 47 cases observed by him into five 
groups (1) cases with hydrops, 16, (2) cases with icterus, 22, (3) cases with 
anemia, 3, (4) cases with hemorrhagic diathesis, 3, (5) cases without hydrops, 
icterus, anemia or hemorrhagic diathesis, 3 The mortality in these gioups was, 
lespectively, 100, 54, 33, 33 and 100 pei cent The total incidence of erythro- 
blastosis was 1 case to every 438 newborn infants, and the condition was 'held 
responsible for 3 2 per cent of all fetal deaths The author believes that dysfunc- 
tion of the fetal liver plays an important part m the genesis of this disoider 

Five infants m whom erythroblastosis was the cause of death are the subject of 
an article by Folks, Jackson and Carnes 158 Hydrops foetahs was present in 3 
infants and icterus gravis with hemorrhagic diathesis in a fourth, the fifth child 
appeared to be normal, but at necropsy enlargement of the liver and of the spleen, 
with active erythropoiesis in these organs and m the kidneys, was observed 
Particular emphasis was placed on the changes m the bones, of which the most 

154 Hipsley, P L Acute Hemolytic Anaemia Following Sulfonamide Therapy, M J 
Australia 1 565, 1942 

155 Foy, H., and Lewis, E G Blood Transfusion in Blackwater Fever and Haemolytic 
Anaemias Following Sulphonamide Therapy, Bull War Med 2 490, 1942 

156 Hal 1, B E , Pfuetze, K , Hmshaw, H C, and Feldman, W H Effect of Pronun 
°n Blood of Patients with Tuberculosis Preliminary Report, Proc Staff Aleet , Maj o Clin 
17 24, 1942 

157 Javert, C T Erythroblastosis Neonatorum An Obstetrical-Pathological Study of 
Forty-Seven Cases, Surg, Gynec & Obst 74 1 , 1942 

158 Folks, R H , Jr , Jackson, D , and Carnes, W H Skeletal Changes Associated 
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appeals to act as an acceleiatoi of hemolysis induced by either saponin or 
lysolecithm 

Hemolytic Anemia Pioduccd by Sulfanilamide and Its Dcnvatwes — An 
instance of acute hemolytic anemia occuuing dining administration of sulfapy- 
ndme (2-[paraammobenzenesulfonamido]-pyiidine) is repoitcd by Trier, 1 ' 10 -who 
analyzes the data supplied by about 90 cases of anemia attiibuled to the action of 
sulfanilamide and its denvatives, including sulfapyi ldine and sulfathia/ole (2-[para- 
aminobenzenesulfonamido]-tlna/ole) Thiee fatalities arc included in this series 
The anemia is chaiacteuzcd by an abrupt onset, usually occurring between the 
third and the fifth day of administration of the drug, with rapid fall in the 
erythrocyte and hemoglobin values, jaundice, uiobihmiria, leukocytosis and reticu- 
locylosis In the cases in which the intoxication is severe, hemoglobinemia 
hemoglobinuna and enlargement of the hvci aie obsened Ihc majority of 
persons who have had acute anemia from this cause will show recurience on 
leadmimstiation of the same drug oi anothei member of the sulfanilamide group 

Hendncks 151 reports that anemia of vaiymg se\enty developed in 40 pei cent 
of 433 patients who recened one oi more of the sulfanilamide derivatnes The 
incidence of anemia w r as about the same with sulfanilamide, sulfap) ridme and 
sulfatlnazole but w r as increased when more than one of these drugs w ere emplo) ed 
Infants and children proved to be moie susceptible than adults Acute hemoljtic 
anemia developed in 4 3 per cent of the patients, and w r as caused by each of the 
drugs employed, but most frequently by sulfanilamide or mixed therapy The 
incidence of hemolytic anemia was almost three times as great m Negroes as in 
Caucasians The onset of anemia was sometimes delajed foi as long as ten to 
twelve days after the institution of theiapy, and it did not appear to be dependent 
on the duration of treatment or on the concentration of the responsible drug m 
the blood 

A case of acute hemoljtic anemia following admmistiation of sulfatlnazole is 
reported by Rothstein and Cohen 10 - Then patient, a man of 45 ) ears, had lobar 
pneumonia caused by pneumococcus type VII On the sixteenth da) of the 
administration of the drug, hemoglobinuria, seveie hemolytic anemia, a leukemoid 
reaction with a leukocyte count of 67,000 per cubic millimeter, autoagglutmation 
of red cells, toxic hepatitis and signs of lenal damage developed Arrest of the 
hemolytic piocess and recovery from the anemia w r ere lelatively lapid following 
the institution of blood transfusion therapy, but evidence of hepatic and lenal 
damage persisted for a long time Bunim and Israel 153 report the case of a man 
of 38 years who received 18 Gm of sulfatlnazole over a period of eight days m 
treatment of cellulitis of the foot before development of jaundice, hemoglobinemia, 
hemoglobinuria, azotemia and impairment of lenal function Prompt recovery 
occurred after discontinuance of the diug and admmistiation of blood by tiansfu- 
sion Anothei case, lepoited by the same authors, was that of a man aged 52 
who after receiving 16 Gm of sulfatlnazole dui mg four days in treatment of 

150 Trier, M Acute Hemolytic Anemia Developing During Therapy with Substances 
Belonging to the Sulfanilamide Group Survey and Report of Case, Acta med Scandinar 
108 117, 1941 

151 Hendncks, C B Sulfonamide Compounds Blood Changes Therefrom, California 
& West Med 56 253, 1942 

152 Rothstein, I , and Cohen, S Acute Hemolytic Anemia, Autoagglutination, Tonic 
Hepatitis and Renal Damage Following Sulfathiazole Therapy Case Report, Ann Int Med 
16 152, 1942 

153 Bunim, J J , and Israel, M Acute Hemolvtic Anemia Caused by Sulfatlnazole 
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of these infants was studied with lefeience to the piesence of Rh agglutinogen 
in the eiythrocytes Of 50 motheis of infants with the pathologic diagnosis of 
eiythi oblastosis foetahs, 86 pei cent weie found to have blood cells negative foi 
Rh antigen and 14 per cent blood cells positive foi this antigen, whereas, of 31 
mothers of infants wdio did not have pathologic evidence of erythroblastosis, 15 5 
pei cent had blood cells negative foi Rh antigen and the lemainder blood cells 
positive for this antigen Tw r o infants with eiythioblastosis foetahs weie shown 
to have Rh negative eiythiocytes and 1 fathei of an affected infant to have Rh 
negative eiythrocytes 

The isoimmunization theoiy of erytlnoblastosis foetahs postulates the passage 
of fetal eiythiocytes acioss the placental bainei into the maternal blood stream 
Since this is not a physiologic piocess, the presence of placental defects as vrell as 
an immunologic leaction between maternal antibody and fetal led cells must be 
assumed m all cases of erytlnoblastosis Burnham 105 submits the hypothesis 
that breaks m the integrity of the fetal circulation through the placenta aie 
dependent on maternal deficiency of vitamin C, and that, therefore, the admims- 
tiation of vitamin C during pregnancy may be of prophylactic value in cases in 
which there is a history of erytln oblastosis or unexplained fetal deaths The 
author presents some clinical evidence in support of this theoiy 

Differences m specificity and in sensitivity between human anti-Rh serums 
v^eie noted by Davidsohn and Tohai sky 10(5 They advocate the use of at least 
three such seiums m testing for the Rh factor Theie are also antigenic varia- 
tions of the Rh factois from human souices, and definite differences m this lespect 
between man and Macacus lhesus monkeys with Rh-positive tests Taylor and 
his associates 107 found that the w eakly Rh-positive erythrocytes failed to agglu- 
tinate with undiluted anti-Rh serum obtained from tbe motbei of an infant who 
died of erythi oblastosis, but that agglutination took place when the seium w^as 
suitably diluted They therefoie advocate that a titration method be used befoie 
reaching the conclusion that anti-Rh factor is not present m a seium 

A discussion of the role of Rh isoimmunization in the genesis of erythroblas- 
tosis foetahs and ceitain tiansfusion reactions is given by Aagaard, 168 who reports 
2 such reactions m women recipients In an aiticle on hemolytic transfusion reac- 
tions, Wienei 109 lepoits the case of a 16 month old child m whom seium auto- 
agglutimns were demonstrated which retained their activity at lefrigerator, room 
oi body temperatuie According to the authoi, a similai case has been observed 
b) Kracke but has not been repoited 

Franklin 170 leports the case of an infant m whom sulfhemoglobmemia devel- 
oped spontaneously about twelve days aftei birth and was followed by severe 
anemia without erythroblastosis, jaundice oi splenomegaly The sulfhemoglo- 
binemia and anemia lesponded to blood ti ansfusions, but the child subsequently 
died of emaciation and bi onchopneumoma 

165 Burnham, L Vitamin C Deficiency as a Possible Factor in the Pathogenesis of 
'Erythroblastosis Foetahs, Am J Obst & Gynec 44 920, 1942 

166 Davidsohn, I, and Toharsky, B The Rh Blood Factor An Antigenic Analysis, 
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168 Aagaard, G M Transfusion Reactions and Erythroblastosis Foetahs Caused by 
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169 Wiener, A S Hemolytic Transfusion Reactions Diagnosis with Special Reference 
to the Method of Differential Agglutination, Am J Clin Path 12 189, 1942 

170 Franklin, A W Sulphaemoglobin (evth) senna and Anaemia Neonatorum, Proc Ro\ 
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staking was a maikecl mcieasc of dcnsitv In all the casc^ sciologic tests foi 
syphilis weie negatne Iiendei son 1 icpoits 4 cases of sc\eie entlnohlastosis 
foetahs with nitiautenne death of the fetus Ihc findings m this disease and m 
congenital syphilis aie compaied 1 he authoi points out that the lattei condition 
is likely to die out with successive piegnancics, wheteas eiethioblastosis tends to 
become moie seveie Attention is diawn to the ehaiacleiistic change of the 
placenta in eiythioblastosis, consisting m peisistcncc to term of Langhans Iaxci 
of cells in the choi ionic villi 

In a letter to the editoi of the Bntish Medical louinal Lett 1,0 mentions polv- 
ostatic fibious djsplasia, or Alibi lght’s s\ndiomc, as a possible sequel to crvthro- 
blastosis foetahs, which he picteis to term “hemolytic disease of the new-born,” 
since neithei anemia noi eiythioblastosis mar be conspicuous Di/\gotic twins 
suffering with eiythioblastosis aie lepoited b) Buhlci, SeeU and McCormick 1( 
Then mothei w r as 31 yeais old She had been gia\ id eight times and had been 
deliveied of 5 clnldien, 3 of whom were In mg dhcic had been two abortions 
Tbe twuns died, and neciopsies confiimed the diagnosis 4 he hist twin was a 
stillborn gul No tests foi Rh agglutinin in her blood weie made '1 he second 
a boy, lned foi sixty hours, and his eiythiocjtes weie shown to be Rh positne 
The fathei s erytlnocytes were also Rh positne, the mothei ’s weie Rh negatne 

The subject of isoimmunization wutli lcfeiencc to ei\tbioblastoi>is foetahs and 
other manifestations is discussed by Let me inJ He points out that, unlike the Rh 
antigen, A and B factois aie widespiead tlnoughout the tissues, and that conse- 
quent!} isoimmunization of the mothei to A and 13 agglutinins of the fetus with 
subsequent action of the anti-A and anti-B factois within the fetal tissues mat 
be an impoitant cause of fetal moilahty Ihe autboi refcis to the piobable lole 
of isoimmunization in animals and states that concepts ot tins t}pe of reaction 
have been formulated and discussed m the oldei liteiatuie but that until now the 
data have been inconclusive He consideis that the subject ments reopening 

Foity-eight mothei s of infants sufieung wnth er}tluoblastosis weie studied by 
Booiman, Dodd and Molhson 103 wutli reference to tbe Rh factoi The eiythro- 
cytes of all of the affected babies weie Rh positne, the eiytlnocytes of 46 of the 
mothers weie Rh negative, and m the blood of 44 of the mothei s Rh agglutinin 
w r as 'demonstrated In the 4 mothei s without Rh antibodies other group diftei- 
ences w r eie found, foi instance, the maternal blood belonged to group O and the 
fetal blood to group A In the blood of both membeis of identical twins Rh agglu- 
tinin was detected within twenty-foui houis aftei bnth The authors submit evidence 
indicating that some cases of “ph) siological” icteius of the new'born aie ieall} 
instances of mild icteius gravis neonatorum, since weak Rh agglutinin w r as demon- 
strated m the blood of some mothers of infants wuth “physiological” jaundice 

The pathologic examination of 3,000 fetuses and new'boin infants levealed 
erythroblastosis in 120, according to Potter 101 The blood of 81 of the mothei s 

159 Henderson, J L Erythroblastosis or Congenital Syphilis ? Obseriations on Erythro- 
blastosis and Its Differential Diagnosis from Congenital Syphilis, J Obst & Gvnaec Brit 
Emp 49 499, 1942 
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believed to be due to long-standing seveie anemia, and congestive failure, not 
responding to digitalis theiapy, is common only m the teinnnal stages of the 
disease 

The taned tjpes of cutaneous manifestations occuirmg in sickle cell anemia 
are descnbed by McGavack and Nussbaum 175 Of 214 cases obseived by the 
authois, jaundice was piesent in 204, and ulcers of the extiemities, usually on the 
medial aspect of the leg abote the ankle, were found in 55 Other changes 
included aieas of vitiligo, with suiioundmg zones of increased pigmentation, and 
subcutaneous nodules which boie a lesemblance to the lesions of eiythema nodosum 

During a five yeai period, ending on Nov 1, 1941, 57,455 Negio males were 
admitted to the Charity Hospital, New Orleans, according to GetzofT 176 A 
diagnosis of sickle cell anemia was made foi 65 of them Sickle cell anemia was 
not observed m any white patient In this five year period priapism was noted 
m 11 Negio males, and in 3 this complication occuned with sickle cell anemia 
Priapism m these 3 is explained as due to venous stasis lesultmg in increased 
sickling and thiombosis 

The first case of sickle cell anemia to be described m the medical literature of 
Argentina was reported by Zeibmo, Yolpe and Norbis 177 The patient was a 
year old Mulatto girl, and the disease was entirely characteristic 

Ei ythi oblashc ( Cooley's ) Anemia — The case of a young man 19 years old 
of Sicilian origin, with eiythroblastic anemia is reported by Smith 178 The patient 
had been under observation since the age of 4 and presented all the clinical, 
hematologic and i oentgenologic featuies of the disease In childhood he required 
blood tiansfusions, but his development to adult life was normal, and he par- 
ticipated in all forms of activity and exhibited no special susceptibility to infections 
One sibling also had Cooley’s anemia, and the red cells of another sibling and both 
parents showed abnormalities, including varying numbers of hypochromic macro- 
cytes and basophilic stippling The erythrocytes of the father and the brother 
showed increased lesistance to hypotonic solutions of sodium chloride, together 
with abnormal thinness Such morphologic changes m the erythiocytes indicate, 
in the author’s opinion, that the relatives of their patient were carriers of this 
disorder This case was also reported, in less detail, m 1941 

McIntosh and Wood, 170 explaining the development of eiythroblastic anemia, 
exclude on the basis of improbability most types of genetic factors They believe 
that the simultaneous inheritance of two dominant and nonlethal genes is com- 
patible with the observed clinical evidence of a 1 3 incidence of the disease among 
siblings 

(To Be Continued) 
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Sickle Cell Anemia — Two cases of sickle cell anemia in the white lace aie 
reported by Moirison, Samwnck and Landsbeig 171 The ancestois of the patients, 
who weie um elated, were Italian, and their parents w r cre boin in Italy and enu- 
giated to the United States The sickling ti ait was detected, in each instance, b\ 
means of matenal obtained by. splenic punctilio Subsequently, the tiait w r as 
demolish ated in members of tlnee geneiations of both families 

A detailed description of the changes in the biain occurring as the lesult of 
sickle cell anemia has been published by Weitham, Mitchell and Aligns! 172 Fne 
unselected fatal cases of the disease piovided the material for this study The 
piesence of sickle cells in the tissues was the most conspicuous neuropathic featuie 
Small neciotic and necrobiotic lesions on a vascular basis w r eie observed, diffusely 
distributed, but most numeious in the zone between the cortex and the subcoitical 
white mattei In all cases there w r ere hypei tropin and hyperplasia of endothelial 
and adventitial cells lining the smaller blood vessels, with siderotic pigment 
appealing both in the adventitial cells and m the inti a-adventitial spaces Gener- 
alized hyperemia and constriction of blood -vessels w r eie conspicuous Small 
hemorrhages and extravasations weie picialent, and larger vasculat lesions of 
unchaiactenstic tjpe including softening and tlnombosis, w r ere seen Intra\asculai 
lipoid matenal, with fat embolism of the capillaries and prccapillaties, was observed, 
together with focal and diffuse changes in the nerve cells in the cortical and sub- 
cortical gray stiuctures In addition, focal areas of demyelination w’eie present in 
the spinal coid, sinnlai to those seen m subacute combined degeneration 

The case of a Negro woman aged 20 who died with massive cerebral necrosis 
on the basis of sickle cell anemia is repoited by Connell 173 Accoiding to the 
author, this is the fifth case to be reported He states that lus patient presented 
the most extensive cerebral neciosis due to sickle cell anemia W'hich has so far 
been described Ultimately, the entire left hemisphere became imolvcd, although 
m view of the histoiy the onset and progress of the condition appeared to have 
been gradual The authoi emphasizes that in this disease it is not anemia but 
thrombosis which constitutes the most important pathologic piocess Such vascu- 
lar lesions may occur in any otgan but aie especially common in those noth a 
terminal circulation 

It is well known that cardiac enlargement is a usual finding in patients with 
sickle cell anemia Khnefeltei 171 confiims this obseivation on the basis of a 
study of 12 cases of the disease including postmortem examination in 11 instances 
In all of the patients the lieait w^as diffusely enlaiged Usually both a systolic 
and a diastolic murmur w^eie present, togethei wuth a third sound heard at the 
apex and accentuation of the second pulmonic sound, wuth a systolic murmur at 
the base The author discusses the similarities between rheumatic fevei and sickle 
cell anemia and points out that in the latter condition pain is not confined to 
the joints and that the therapeutic response to administration of salicylates is not 
striking He states that necropsy has nevei confiimed the concomitance of rheu- 
matic fever and sickle cell anemia The caidiac changes in the latter disease are 

171 Morrison, M , Samwick, A A , and Landsberg, E Sickle Cell Anemia in the 
White Race Report of Two Cases with Diagnosis by Splenic Puncture, Am J Dis Child 
64 881 (Nov) 1942 

172 Wertham, F , Mitchell, N , and Angrist, A The Brain in Sickle Cell Anemia 
Arch Neurol A Psychiat 47 752 (May) 1942 

173 Connell, J H Cerebral Necrosis in Sickle Cell Disease, JAMA 118 89 
(March 14) 1942 

174 Klinefelter, H F The Heart in Sickle Cell Anemia, Am J M Sc 203 34, 1942 
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Osier’s Principles and Practice of Medicine By Heniy A Clmstian, AM, MD, 
LLD, Hon Sc D , Hon FRCP (Canada), FACP Hersey Professor of the Theory 
and Practice of Physic, Emeritus, Harvard University, Physician in Chief, Emeritus, 
Peter Bent Brigham Hospital , Visiting Physician, Beth Israel Hospital, Boston Pp 1475 
Cloth Price, $9 50 New York D Appleton-Centui y Company, Inc, 1942 

This is the fourteenth edition of this book and celebrates its fiftieth buthday A com- 
parison of the first edition with the present one has shown that the original work contains 
1,079 pages and the piesent edition 1,475 It is a tribute to the present authoi that he has 
been able to bring the work up to date with the addition of these relatively few pages 
One must remember that vitamins, hormones, the types of cardiac arrhythmia and even 
diphtheria antitoxin, to say nothing of sulfanilamide and its derivatives, were still to be intro- 
duced into medicine m 1892 The specific infectious diseases of the fiist edition have been 
subdivided into groups according to causative agents bacteria, viruses, nckettsias, bartonellas, 
fungi and protozoa None of the “infectious diseases of doubtful nature” of the fiist edition 
are so listed in the present one These have all been fitted into the propel places There is, 
however, a bigger and better list to supply the deficit These lepresent only a few of the 
many changes Even so, it is surprising how much of the original work could be written 
almost unchanged into the present one 

The book is, of course, excellent The background plus the piesent authoi would insure 
this Much of the material has been rearranged Among the infectious diseases, typhoid has 
yielded first place to pneumonia It is rather surprising that the author has given first place 
in the book to psychosomatic medicine and functional diseases of the nervous system There 
can be no question of the increasing incidence of these disoiders, but one wonders whether 
they should occupy first place in the mind of the student or even first place in a textbook 
Perhaps it is a tPend of the times 

Brucellosis m Man and Animals By I F Huddleson, D V M , Research Professor in 
Bacteriology, Michigan State College , A V Hardy, M D Associate Professor of 
Epidemiology, Columbia University Medical School , J E Debono, M D , Professor of 
Pharmacology and Theiapeutics, Royal University of Malta, Ward Giltner, DVM, 
Piofessor of Bacteriology, Michigan State College Revised edition Price $3 50 
Pp wii -f- 379, with 42 illustrations New' York The Commonwealth Fund, 1943 

The Archives of Internai Medicinl has already bowed in a complimentaiy manner 
to what might be termed the grandfather and father of this book Foi the first edition 
appeared as a short monograph m 1934 and received a pleasant notice (Arch Int Med 
54 658 [Oct] 1934), and the second edition, which came out in 1940 as a larger and more 
comprehensive study, also received a flattering review (ibid 66 1358 [Dec ] 1940) 

The third edition continues to live up to the standards of its forebears As one i eads the 
book now, one is struck with the fact that it has been put together by a competent team of 
experts, each member of which knows so w'ell wdiat he unites that the final result is admir- 
able Brucellosis is so discussed that the bacteriologist, the pathologist, the \etennaiian, 
the public health official and the clinician can find in the volume wdiat he wishes to learn 
The first edition included a bibliography of one hundred and thirty-eight titles The 
third edition refers to four hundred and eighty-five articles Thus the third edition keeps 
abreast of the times and continues to make the book an effective aid in helping to control 
a disease which is becoming increasingly important over the entire w r orld 

A Manual of Pulmonary Tuberculosis and an Atlas of Thoracic Roentgenology 
By D O N Lmdberg, M D , Lecturer on Tuberculosis, University of Iowa Medical 
College Price $6 50 Pp \v + 233, noth 199 illustrations Springfield, 111 Charles 
C Thomas, Publisher, 1943 

The authoi has divided this book into two parts The first is a seventy-two page mono- 
graph on pulmonary tuberculosis , the second is an atlas of thoracic roentgenology Each 
is written briefly and clearly 

At the outset, in the first part of the book, pulmonarr tuberculosis is discussed m 
orthodox fashion bj a short description of its pathology and methods of diagnosis Then 
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A RENAL CONCENTRATION TEST USING SOLUTION 

OF PITUITARY 

To the Echtoi — I road with gieat interest the eaccllent piper ol Lieutenant Ham C Wall 
entitled “A Renal Concentration Test Using Solution of Piluitan in the \pril 1943 issue ol 
the Archives of Imerixai Mldicim 

I am sure that >ou and the author will be interested in the fact that m 1921 I published a 
paper, ‘ Pituitrm zur Nierenfunktionsprufung” (Med Kim 17 871 fjuh 17] 1921) 

As the title implies, I suggested the use of solution of pituitan instead of a period of thirst 
in order to determine the ability of the kidncis to produce a concentrated urine I reported 
3 cases of impaired renal function m which tests done bj means ot solution of pituitan gaic 
the same results as tests of conccntiation done b\ means ot i period ot thirst I am sorr\ that 
I have no leprmt to send jou r Bklnn \\ New \ork 
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Dictionary o£ Bio-Chemistry and Related Subjects Edited by W M Melisoff, 
Professor of Bio-Chemistry, Brooklyn Polytechnic Institute Price $7 50 Pp 579 
New York Philosophical Libraiy, Inc, 1943 

Nowadays the internist hears a good deal of a new kind of language which is likely to 
be all Greek to him but which his friends who aie interested in chemistry or physics speak 
with fluent glibness Thus a lexicon of such a new language is bound to be helpful to the 

casual listener One can learn a good deal of any tongue by the diligent translation of 

new words or phrases into one’s own vocabulary 

The editors of this dictionary have completed a task for which many members of the 
medical profession will be grateful The editorial boaid is comprised chiefly of a group 
of distinguished biochemists who have added to their roster an occasional clinician Between 
them they have been ingenious enough to complete a readable dictionary, defining in a 

readily understandable way many of the new words which they use so fluently in connection 
with their daily work Usually the vanous definitions for each word take up a few lines, 
but occasionally a slioit article is necessary to explain a word whose meaning cannot be 
simplified In such instances a useful bibliography is appended to the article 

The preface states that the dictionary is a pioneering effort in an entirely new field 
It is, m fact, sort of a cross between an ordinary dictionary and an encyclopedia All 

medical students and a gieat many physicians will appreciate having placed at their disposal 
such a useful tool 

Civilian Health in Wartime Francis R Dieuaide, M D , Associate Professor of Medicine 
Harvard Medical School and Member of the Staff of the Massachusetts General Hospital 
Price, $2 50 Cambridge, Mass Harvard University Press, 1942 

The author presents a well written book covering phases of health on which the war will 
exert an influence In the first chapter he considers the effect of war on the civilian population 
and on its mode of life In the subsequent chapters he discusses these problems in detail, out- 
lining the effects and the methods of prevention The chapters on nutrition are especially good 
and timely A chapter on “The Aging and the Aged” offers an optimistic note for this group 
In the final chapters he emphasizes the result of war stress on civilian mental health and morale 
and discusses how these may be maintained He discusses these problems from the standpoint 
of the physician, with a fine interest in public health and social welfare 

The reviewer believes that “Civilian Health in Wartime” will not appeal to the geneial 
reader because of its technicalities, but feels that it is worth while reading for the physician, 
the medical student, the social worker and students in sociology It w'ould serve well as required 
reading for any student of social trends 

The entire substance of the book is well handled Particularly commendable is the author’s 
modern outlook concerning not only medical care but other needs of the community 

La urobilina en el estado normal y patologico By Marcello Royer Second edition 
Buenos Aires El Ateneo, 1943 

Well printed, this small volume contains review and original work covering the physi- 
ology and pathology of urobilin Brief, well organized for reference, interesting in the 
original experiments and studies, the book, alas, definitely puts an end to the hopes of 
both investigators in clinical laboratories and clinicians that urobilin, so temping to test for, 
is of any practical clinical diagnostic value 

Medico-Legal Blood Group Determination By David Harley Price 2s 6d Pp 119, 
with 13 figures London William Heinemann Medical Books, Inc , New York Grune 
& Stratton, Inc , 1943 

This little book covers m a thorough manner the medicolegal aspects of determinations 
°f blood group, especially with reference to questions of disputed paternity, blood stains, etc 
Much of the material is highly technical, and it becomes evident that the more esoteric prob- 
lem of blood tj ping usually must be dealt with bj an expert There are a bibliographj , an 
index and many illustrative charts and figures 
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comes a chapter which is of chief interest to the readu who is not an c\pctt i ocntgcnologist 
For here is described roentgenologic technic and intei pi ctation of roentgenograms of the 
chest Two excellent chapteis on the treatment of tubci culosis follow, the first dealing 
with methods of medical ticatment and the second with modern wa\s of attacking tubet 
culosis by surgical measures Finalh, a brief clnptei discusses conti ol ot the disease The 
text is accompanied with foil) -four excellent charts tud photogiaphs which illustrate the 
pathologic changes in tuberculosis, its method of spread and the mechanical implements used 
in its diagnosis and treatment The net result is pleasing 

The second part of the book is an atlas of one hundred and forte -fnc roentgenograms 
chosen to illustrate how' pulmonaiv tubei culosis in diiTcient foims appears on a roentgeno- 
gram and how it can be chffefentiated from some ot the more common intrathoracic lesions 
that so often pintle e\er\ internist The significance and high points of each illustration 
are explained in a few' woids The locntgenograms ha\c been reproduced with a notable 
degree of success, so that little m the wav of fine detail has been lost 

The total result is a helpful book Its author descrees heart} congratulations He has 
condensed into a surprisingh small \olume a comprchcnsie c manual ot pulmonar} tubei - 
culosis which will be appreciated b\ medical students, In piaetittoners and In specialists in 
the field of pulmonaie disease 

Clinical Roentgenology of the Cardiovascular System lie Hugo Rocslcr, M D , 
F A C P , Associate Professor of Rocntgcnoiog} and Cardiologist, Department of Medi- 
cine, Temple Umeersite School of Medicine, Caidioiogist, Temple Umeersite Hospital, 
Philadelphia Second edition Price $7 50 Pp 480, eeith 337 figures Spnngfield, 111 
Charles C Thomas, Publishei, 19-13 

This monograph is an authoritatiee piesentation of the plnsiologe and pathologe of the 
cardiovascular system It is eiceecd fiom the roentgenologic aspect be a cardiologist with 
a evealth of clinical experience and matetial 

The text describes technic, apparatus and findings of the most acceptable methods in 
roentgenoscopy, fluoroscope, oithodiagiaph}, roentgenographe , cincmatographe, kemographe 
and vasography Intel prctations include etiologic factors and differential diagnoses 

The organization of the subjects is such that reference maj readih be made to detail 
of technical methods, correlation fiom different aspects, interrelationships of heart, -vessels 
lungs, diaphragm and the thoracic cage m the d>namics of blood flow and respiration, and 
discussions of changes in cardiac, concomitant pulmonar}, aortic, pericardial, pulmonic and 
penpheral vascular diseases Each chapter is replete w’lth excellent lllustiations, diagrams, 
electrocardiograms, medical histories, clinical courses, in mam instances covering a long 
course of years, postmortem data and an extensive bibhograpli} 

The book is invaluable in adding knowledge to those on whom lies the task of diagnosis 
of cardiovascular diseases 

Blood Groups and Transfusion Bv A S Wiener, M D , Serologist and Bacteriologist 
in the office of the Chief Medical Examiner of New York Cit} Third Edition Price 
$7 50 Pp xi\ 43S with 106 tables and 69 illustrations Springfield, 111 Charles 
C Thomas, Publisher, 1943 

The first two editions of this book have ahead} icceived compliments from the Archives 
of Internal Medicine The first edition was reviewed m the issue of December 1935 
(56 1298 [Dec] 1935) and the second m the issue of December 1940 (66 1360 [Dec] 1940) 
The third edition, too, without question deserves praise 

As was said in the review of the first edition, the book brings together practically every- 
thing that is known about blood groups It does this in a readable, scholarly way To 
make the subject mattei more giaphfc and readily understandable, it has many good 
illustrations 

The third edition discusses the Rh factor and its role in eiythioblastosis foetahs and 
transfusion of stored blood and blood substitutes — two subjects not mentioned in the first 
edition The book is almost exactly twice as large as it was in the beginning, which seems 
to indicate that much has been added to the knowledge of blood in eight years Naturally, 
the third edition is a better and more comprehensive volume than either of its predecessors, 
but it continues to hew to the old line in a satisfactory manner 
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Bacteru See also Streptococci , etc 

enterococci rnfectrons , evaluation of impor- 
tance of fecal streptococci and related or- 
ganisms in causation of human disease, 
51G 

Bailey, C V Concentration of carbon di- 
oxide in expired aii in heart disease, 529 
Bailej, 0 T Scleroderma heart wth consider- 
ation of ceitain other visceral manifesta- 
tions of scleioderma 749 
Barnes, A B Heart in pulmomrj embolism, 
325 

Bariow, IV H electrocardiographic changes 
With exercise, their relation to age and 
other factors 547 

Basophilism See under Pituitary Body 
Batterman, B C Clinical effectiveness and 
safety of new syntiietic analgesic drug, 
demerol 345 

Benjamin, J E Peripheral vascular response 
to acute anoxia, 583 

Beriberi, filnosls of endocardium and myocar- 
dium with mural thrombosis , notes on its 
relation to isolated (Fiedler's) mjocarditis 
and to beriberi heart G02 
Bethell, F II Blood, review of recent liter- 
atuie 854 

Beyer, K H Protective action of vitamin C 
against experimental hepatic damage, 315 
Biggs Heimann M , Alemorial Lecture 300 
Bile Ducts See Biliary Tract Gallbladder 
Biliary Tract See also Gallbladder, Liver 
and liver, review of literature for 1942, 503 
Biotin See Vitamins, B 

Blood See also Eivthrocjtes 

carotene, effects of vitamin A depletion in 
young adults, 474 

cells , profile printing in photomicrograph! 
of blood cells, 814 

cholesterol, seium cholesterol level in coro- 
nary artenoscleiosis, 397 
Circulation See also Aiterles, Cardiovas- 
cular System, Heart, etc 
circulation, supernoimal chculation in iest 
ing subjects (hjpeilunemia) with study of 
relation of kinemic abnormalities to basal 
metabolic rate, 1 

copper and lion in human blood 489 
Diseases See Anemia , Leukemia , etc 
induced thiamine (vitamin Bi) deficiency in 
man, relation of depletion of thiamine to 
development of biochemical defect and of 
polyneuropathy, 18 

picture, effects of vitamin A depletion in 
young adults 474 
plasma and alleigy 117 

pressure, high, adrenal cortex in hypei ten- 
sion, 700 

pressure, high, aiterial hypertension, 720 
pressuie, high effective renal blood flow, 
glomerular filtration rate and tubular ex- 
cretory mass in arterial hypertension, ef- 
fect of supradiaphragmatic splanchnicec- 
tomy with lower dorsal sympathetic gangli- 
onectomy, 357 

piessure, high , experimental hypertension 

( it l 

pressure, high, icnal concentration test using 
solution of iiostenor pituitary, 454, 904 
pressure, high, role of kidneys in arterial 
hypertension in man, 728 
pressure, high , treatment of essential liy’per- 
tension in man, 729 

proteins, incidence and causes of hyperpro- 
teinemia , study of 4 390 cases 377 
proteins, studies on clinical significance of 
serum proteins, relationship between al- 
bumin-globulin r itio, albumin, globulin and 
total protein, 157 
iev icw of recent literature, 854 
scrum concentration and renal clearance of 
potassium in severe lenal insufficiency in 
man, 075 

sugar, significance of glycosuria, 827 
"os a ^ a Pt°nuila with hy'peruricemia 

3 essels See Arteries, Cardiovascular Sys- 

tern , Periarteritis , etc 

ons. B p Angina pectoris and syndrome of 

Peptic ulcer, 301 

oharas S Postanginal sepsis, S44 


Bones See also tmdei names of bones 
I - 1 agility See also Osteosclerosis fragihs 
fi igility, blue scleras, brittle bones and deaf- 
ness, report of afflicted family, G58 
marrow, clinical observations on osteopetrosis 
and mvelofibiosis, 793 
mariovv in pernicious anemia, 807 
primary and secondary hypei parathvioidism, 
030 

Book Rcvirvvs 

Adv ances in Internal Medicine , edited bv I 
M Steele, 298 

Advances in Pediatrics, ediled by A G De 
Sanctis ],34 

Ambassadors in White , C M Wilson 297 
Antigonadotiopic Factor, with Consideration 
of Antihormone Problem , B Zondek tnd r 
Sulman, 582 

Autonomic Regulations, E Gellhoin 441 
Biological Action of Vitamins, edited by 3 * * * 7 E 
A Evans Jr , 13G 

Biological Symposia Vol IX Sex Hormones 
edited by F C Koch and P E Smith 580 
Blood Groups and Transfusion, A S Wicnei, 
900 

Blood Substitutes and Blood Transfusion , 
S Wudd and W Thalhimei, 135 
Blutdtuckmessung und Kreislauf in den Ai- 
terien des Mcnschen , II von Reckling- 
hausen, 135 

Bronchiectasis Pathogenesis, Pathology and 
Treatment, 1 It Lim and M B Rosen- 
blatt, 739 

Biucellosis in Man and Animals, I F Hud- 
dleson, A V Ilaidy, 1 E Debono and 
W Kiltner 905 

Cabot and Adams Physical Diagnosis, F 
D Adams, 130 

Carcinoma of Stomach , W Wnltcis H K 
Gray, J T Priestley and otlieis 440 
Care of Aged (Geriatrics) , AI W Thevvlis 
440 

Central Autonomic Regulations in Health and 
Disease, II R Miller, with introduction bv 
1 F Fulton, 299 

Changes in Knee Toint at Various Ages, G 
A Bennett, H Waine and W Bauer 13(> 
Chemotherapy of Gonococcic Infection, R D 
Henoid 740 

Chronic Pulmonary Disease in South Wales 
Coalminers 441 

Civilian Health in Martime, F R Dieuarde, 
907 

Clinical Roentgenology of Cardiovascular 
System, H Roesler 900 
Coia7on y la circulacion en los hipertiroideos , 
H Gotta, 133 

Dictionary of Bio Chemistry and Related 
Subjects , edited by W M MelisofT, 907 
Disease of Liver Gall-Bladder and Bile 
Ducts, & S Lichfman, 581 
Electiocardiogram ind X-Ray Configuration 
of Heart, A A Mastci, 298 
F lmilial X T onreaginic Food-Allergv , A T 
Coca, 582 

Flying Men and Medicine E O Bair 740 
food You Eat, S Classtone and A Class 
tone, 440 

Internal Medicine in Old Age A Aiullei- 
Deham and S M Rabson 1 14 
Intestinal Obstructions Physiological and 
Clinical Consideration with Emphasis on 
Therapy, Including Description of Opeiativc 
Procedures, O II AV ingenstecn, 4i9 
Introduction to Parasitology , A S Peaise, 
130 

Love Against Hate, K Mennmger, 800 
Manual of Oxvgen Therapy Techniques, A 
H Andrews Jr, 441 

Alanual of Pulmonary Tuberculosis and Atlas 
of Thoracic Roentgenology , D O X I ind 
berg, 905 

March of Aiediclne Kcvv Aork Academy of 
Medical Lectures to Laity, Xo 7 710 
Medical Parasitology , T T Culbertson, 580 
Aledical Progress, edited by R X Xye 411 
Aiedlco-Legal Blood Group Determination , 
D Harley, 907 

Mental Health in College, C C Frv 7 IS 
Xeuromusctilar Maturition of Human Iiifmt, 
AI B Mi Gnu 740 
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Booh Key lews ire grouped together and are 
indexed under that heading In alphabetical 
order under the letter B 

Abnormalities and Deformities Vc tindci 
names of organs and regions ns Heart , 
etc 

Abiamson D I Blood flow in extremities 
affected be anterior poliomyelitis. I'll 
Pcnphci il v iscul u response to acute anoxia, 
5S3 

Abscess See under n lines of org ins and re- 
gions 

\ccommod ition “see Lees aceommod itlon and 
lefraction 

Acetylcholine See Choline and Choline l)c 
m ctives 

Acid Vscoibie See Vscorblc Acid 
Cevitamic See Ascoible Acid 
Nicotinic See Niacin 
Pantothenic See Pantothenic Acid 
Veid-Base Fquilibrium v line of sodium tlilo 
ride in prevention of ilhalosis during 
Sippv treatment yyltli calelum c irbonatc, 
115 

Veiomegaly 2Gb 

Velcoch J D Spontaneous interstitial em- 
physema of lung with mcdlastin il retro- 
peritoneal and subcutaneous cmphvxctni 
G30 

Addis Sedimentation Test Sec Lrlne 
Adenoma multiiile bilateral pulmoniry ule 
nomatosls in man 103 
pnmary and secondary hyperparathyroidism 
G30 

Vdlpose Tissue Sec Obesity 
Vdrenals aclren il cortex in systemic disease 
morphologic study, 702 

Afiemoyy, M 1 Streptococcic and pneumo 
coccic infections of nose and thro it in 
young adults, incidence epidemiology and 
clinical features 143 

Vge electrocardiographic changes with exertisc 
their relation to age and other factors 
347 

Old See Old Age 

Air concentration of carbon dioxide in expired 
air in heart disease, 529 
Albumin See also Proteins 

studies on clinic il slgniflcime of serum pro 
teins , relationship between albumin glob 
ulin ratio, albumin, globulin and tot il pro 
tein 157 

Alcoholism See also Liver, cirrhosis 

excretion of coproporphvrin in hepatic dis- 
ease urinary excretion of coproporphyrin 
in hepatic insufficiency during episodes 
characterized by neurologic manifestations 
62 

ilhalosis, value of sodium chloride In preven- 
tion of alkalosis during Sippv ticitment 
with calcium carbonate 415 
Alkaptonuria See Lrine 
Allergy See Anaphylaxis and Allergy 
ilpha Tocopherol See "Vitamins, B 
Analgesia See Anesthesia Pain 
Anaphylaxis and Allergy See aho Vstlima 
Hay Fever etc 
acetylcholine and allergy 113 
allergy , review of literature of 1942 107 
and histamine 113 
development of sensitiveness 110 
drug allergy 129 
endocrine variations 109 
histaminase and allergy 115 
inheritance of allergy 10S 
plasma and allergy 117 
serum disease and serum accidents 11G 
treatment of patients with histamine, 114 
vitamins and allergy 109 
Vnemia assay of antianemic materials on ani 
mals 881 

erythroblastic (Cooley s) 903 
experimental and mineral met ibolism 889 


Vncnila— < ontlmiid 
hunolvtU and civthrobliistlc 891 
licniolyfh produced by sulfanilamide and its 
derivatives, 80S 
hvpoehromlc 88! 
in pregnant v 88" 

line roev tie related to pernklous anemia 855 
S7G 

pernicious and cart Inoinn of stomach, 873 
pernicious mil related mierotvtlc anemias 
S'", 87b 

pernicious bone marrow in S(.7 
pernicious e lunges in nervous system In 
370 

pc rule lots miscellaneous obscrv etlons 871 
pernicious treatment of 802 
profile printing in pliotomlc rn„rapliv of blood 
tells, 811 
sickle cel! 902 
sickle cell heart in 7 17 

sickle cell in white race with report of casts 
in 2 f imilles lb 1 

Anesthesia clinic al cffectlv tin ss and safety of 
new synthetic analgesic drug dcmtrol 'M5 
Aneurysm of heart 502 
\ngln e Pectoris 7 !2 
and syndrome of peptic nicer 301 
Vnimals ass iv or antianemic materials on 8si 
Anoxia See Oxygen deficiency 
Vntlhormones Vo Pituitary Preparations 
\orta coarctation of 721 

Aptcr N F nee phalopnthv following maphar 
sen thernpv pathologic report with un- 
usual findings 830 

Arieff A T Toxicity of pyridine In man, 9", 
Vrmks Net Medleine, military 
Aron 1 Incidence and c mscs of hyperpro- 
telnemln stuelv of 1 !90 cases 377 
Arrhythmia Ve dso lit irt rate 
cardlat 715 

studies on lotion of cpilnldine in man mea- 
surement of sliced and duration of effect 
following oral and Intramuscular admlni 
stratlon 1G0 

Arsenic and Arsenic Compounds encephalo- 
pathy following miphnrsen therapy patho- 
logic report with uni stial findings 8>G 
Arteries Vt ilso Aneurvsm, Aorta Arterio- 
sclerosis, Blood pressure hmbollsm Pen 
irterltis Thrombosis etc 
toronirv, licmorrhaglr lesions of 591 
Vitcrioselcroslx adrenal cortex in atheroselei- 
osls 700 

coronary scrum cholesterol level In 197 
Aithrltls effect of missive doses of vitamin 
I) on calelum anil phosphorus metabolism 
observations on patients with atrophic 
spondylitis and with degenerative arthritis 
of spine, 78 

Vseltes See ilso liver cirrhosis 
surgical treatment for cirrhosis, prognosis 
subseeiuent to omentopexy 18! 

Vscorblc Acid chemical and physiologic propel 
tics 432 
clinic il use 433 

piotectlvc action of vitemin O against experl 
mcntil liepitie damage 315 
Vsthma 124 See also Anaphylaxis and VI 
lergy , Pollen 
treatment of 12G 
true pathologic causes of 125 
Atlas D II Incidence and causes of hyper 
proteincmia , study of 4 390 cases 377 
Vuenbruggei, note concerning long neglect of 
Auenbruggei s Inventum novem 741 
Auricular Fibrillation See Arrhythmia 

Bacilli See Bacteria 
Bictercmia See also Septicemia 

streptococcic cured with sulfadiazine re 
port of case of infection caused by hemo- 
lytic stieptoeocci of Lmcefleld group C 
with leview of literature and presentation 
of immunologic data G20 
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Exercise, electrocaidiogiaphic clnnges with 
exercise, tlieir relation to age and other 
factors, 547 

influence of postuie, drugs, exercise and other 
factors on electrocardiogram, 719 
Extrasystoles See Arrhythmia 
Extremities, Blood Supply See also Aneurysm, 
etc 

blood supply, blood flow in extremities af- 
fected by antenor poliomyelitis 991 
blood supply, peripheral vascular response to 
acute anoxia, 583 
Paralysis See Poliomyelitis 
Eyes, accommodation and refraction effects of 
vitamin A depletion in young adults, 474 

Farber, ,T E Blue scleias, brittle bones and 
deafness, report of afflicted family, C58 
Eat, metabolism of proteins and fats, 289 
Feces, enterococcic infections, evaluation of 
importance of fecal streptococci and re- 
lated organisms in causation of human dis- 
ease, 51G 

Feinstein, M Kinetics of respiration in ex- 
perimental pulmonarv embolism, 536 
Fetus, fetal electrocardiography, 71S 
Fever See Typhoid, etc 

Fibroma, association of liydrotliorax with ovarian 
fibroma (Meigs’s syndrome), 370 
Fiedler’s Myocarditis See Myocarditis 
Finkelman, I Toxicity of pyridine in man, 95 
Flaclis, Iv Blood flow in extremities affected 
by anterior poliomyelitis, 391 
Foa, A L Effective renal blood flow glomer- 
ular filtration rate and tubular excretory 
mass in arterial hypertension , effect of 
supradiaphragmatic spl.inchnicectomy with 
lower dorsal, sympathetic gangllonectomy, 
357 

Foa P P Effective renal blood flow, glo- 
merular filtration ra*e and tubular excre- 
tory mass in arterial hypertension , effect 
of supradiaphragmatic splanclmlcectomy 
with lower dorsal sympathetic gangllonec- 
tomy, 357 

Food See also Nutrition , Vitamins , etc 
and nutrition of industrial workers In war- 
time, 423 

Fox, T T Action of digitalis on conduction 
in syndrome of short PR interval and pro- 
longed QRS complex, 20G 
Fragllitas Osseum See Bones, fragility 
Freedman E Chronic gastritis simulating 
gastric carcinoma , report of 5 cases 23 
Freiberg, J Blood flow in extremities af- 
fected by anterior poliomyelitis, 391 
Freiman, I S Encephalopathy following 
mapharsen therapy, pathologic report with 
unusual findings 836 
Fungi, fungus spores, 122 
Furth, ,7 Fibrosis of endocardium and myo- 
caidium with mural thrombosis , notes on 
its relation to isolated (Fiedler’s) myo- 
caiditis and to beriberi heart, 602 

Gallbladder See also Biliary Tract 
disease of, 577 

Ganglionectomy See Sympathectomy 
Gastric Ulcer See Peptic Ulcer 
Gastritis See Stomach, inflammation 
von Gierke’s Disease * See Glycogen 
Gigantism, 2G5 

Glenn, P M Chronic gastritis simulating 
gastric carcinoma , report of 5 cases, 23 
Globulin, In Blood See Blood, proteins 

studies on clinical significance of serum pro- 
teins, relationship between albumin-globu- 
lin ratio albumin, globulin and total pro- 
tein, 157 

Glycogen, storage and significance of tissue 
glycogen in health and in disease, 219 
Glycosuria See Urine, sugar 
Gonadotropins See also Pituitary Preparations 
issay of urinary gonadotropins 270 
gonadotropic hormones of anterior lobe of 
pituitary, 2G7 

Gonads See also Endocrine Glands, Ovary, 
etc 

hxpogonadism, 274 

Gootnick, A Night cramps and quinine, 553 
Graybiel A Diseases of heart, review of 
significant contributions made during 1942, 
713 

Green, E T Profile printing in photomicrog- 
raphy of blood cells S14 


Gieene, C H Lnei and biliary tract, re- 
view of liteiature for 1942, 303 
Greene, J A Unusual sounds emanating 
from chest, cause and diagnostic signifi- 
cance of bubbling clicking, crunching 
knocking and tapping sounds with report 
of 2 cases of intei stitial emphysema ot 
lung and mediastinum 410 
Growth hoimone of antenoi lobe of pituitary, 
263 

Hay Fever, 118 See also Anaphylaxis and 
Allergy , Pollen 
fungus spores, 122 
treatment of, 121 

Heart See also Airliy thmia , Blood, circula- 
tion Caidiovascular System, Endocarditis, 
Myocarditis , etc 

abnoinnlities , congenital heart disease, 720 
action of digitalis on conduction in syndrome 
of short PR interval and prolonged QRS 
complex, 206 

anatomy, physiology' and methods, 713 
clinical featuies of coronary occlusion and 
of myocardial infarction, 730 
congestive heart failure, 733 
Diseases See also Endocarditis, Myocarditis, 
Pericarditis, etc 

diseases , concentiation of carbon dioxide in 
expired air in heart disease, 529 
Diseases, Congenital See Heart abnormali- 
ties 

diseases, coronary, 729 

diseases, review of significant contributions 
hiade during 1942, 713 
electrocardiographic changes with exercise, 
their relation to age and other factors, 547 
electrocardiography, 717 
electrocaidiography, fetal, 718 
fibrosis of endocardium and myocardium 
with mural thrombosis, notes on its l ela- 
tion to Isolated (Fiedler’s) myocarditis and 
to beriberi heart, 602 
in pulmonary embolism, 325 
in sickle cell anemia, 737 
infarction of auricles of, 731 
influence of posture, drugs, exercise and other 
factors on electrocardiogram, 719 
interauncular septal defect, 722 
normal cardiovascular roentgen silhouette 
studied by means of roentgenograms of 
chests of cadavers after opaque solutions 
had been injected into large vessels and 
chambers of heart, 666 
precipiting factors of myocardial infarction, 
729 

rate, ventricular tachycardia , analysis of 
36 cases, 137 

scleroderma heart with consideration of cer- 
tain other visceral manifestations of scle- 
roderma, 749 

studies on action of quinidine In man , 
measurement of speed and duration of ef- 
fect following oral and intramuscular ad- 
ministration, 460 

supernormal circulation in resting subjects 
(hyperkinemia) with study of relation of 
kinemic abnormalities to basal metabolic 
rate, 1 

tumors of, 73G 

Heine-Medm Disease See Poliomyelitis 
Hematology See Blood 
Hemorrhage in yellow fever, 568 
Hepatitis See under Liver 

Herrick, J B Note concerning long neglect 
of Auenbrugeers * Inventum novum,” 741 
Herrick, W W Association of hjdrothorax 
with ovarian fibroma (Meigs’s syndrome), 
370 

Hettig, R A Blood, review of recent litera- 
ture 834 

Hildebrand A G Review of literature on 

pituitary gland (1940 and 1941), 2C2 
Hill, F C Copper and Iron in human blood, 
489 

Histaroinnse and allergy, 113 
Histamine and allergy, 113 

treatment of patients with, 114 

Hormones See Endocrine Glands, Estrogens, 

Insulin , etc 

Adrenotropic ^ee Pituifarv Preparations 

Gonadotropic See Gonadotropins 

Thvrotropic See Pitultarv Preparations 



910 


INDEX EO VO LI) ME 71 


Book Reviews — Continued 

Oleoperltoneogiafia Contrltnicion al estuelln 
radlologico del pcritoneo C If Nlseggl 
AI H Moreau and J r Moil iu 770 
Osiers Principles and riactlec of Alcdlelne 
H A Christian <107 
Primer of Allergy , AA’ T A auglin Tin 
Psychotherapy In Medical Practice, M Le- 
rine, 7S2 

Publlcaclones del ccntro dc ln\ estlgncloncs 
tislologlcns 470 

Religion and Health, S Tllltner, 702 
Renal Hitlilasis C C Higgins 710 
Shock Its Dynamics Occurrence and Man 
ageniont V n Moon 442 
Short History of Cardiology T R Herrick, 
442 

Sulfanilamide and Related Compounds In Ccn 
oral Piactlce AV IV Spink, 7 IS 
Surgery of Panercatlc Humors, A Rrun- 
schwlg 200 

Synopsis of Pathology, IV A D \nderson, 
440 

Te\t-Book of Pathology , AV Boyd 700 
Thrombooytcn des mcnsclillehcn Blutex und 
Hire Be/lcliung zum Gcrlnnttngs und 
0 hrombosey organg , A Tonlo and I 

Nchwondcncr 300 

l^otment in Gcnenl Practice, H Beckman 

Oroblllna en cl estndo normal \ pitolo„leo 
M Royer, 907 


Bo>er, P Iv Concentration of carbon dlo\lde 
In expired air In heart disease 020 
Brain See also "Serious Sjstcm, etc 
encephalopathy following maphnrsen therapy 
pathologic report with unusual findings Stfi 

Bl “ g\du^ e 4 T 4 ° f ' itnmln A «" 

“'"Mon of pUuUarT, n roT rnll ° n ‘ CSt " S,nC 
Bi tinner M T Incidence and causes ot 

Butt h w er B r ° t0 n? m,a ’ St ", d - V of } l!)0 cases 777 
Butt II R Diseases of nutrition, rerfew of 
certain recent contributions 422 


Cachoxia Pitultan Sec Pituitary Bods 
Cadavers normal carellor oscular roentgen < 

or U c f s(ud ‘ C(I bv n,ei ' n< > of roentgonogrn 
cadavers after opaque so 
tlons had been Injected Into large vess 
and < hampers of heart C.GG 
C ' Ultl , Calcium Compounds, elTcct 

massive doses of vitamin D on calcium s 
Phosphorus metabolism, obsenatloim 
patients with atrophic spondvlitls and w 
degenerative arthritis of spine 77 

Ikalo .s SO duTne C,1 . ,0 ^ Id ° Action 

„ calcium S C arbonate g?* ' 

c Jlons S a e s C Stomach ^t°c ° f nnd ; 

.nebaboltsmN87 SeC n,S ° Glv “ - etc 

hea'rt^dlsense "sin 1 * n( *° n ,n 
rardio^ascolar System Sco nlso Artcrl( 

cardiovascular roentgenology 720 

no Sed c ^ io s D r„ f rr ’«>»« 

had ‘been lusted Into 'l 

chambers of heart, GOG K VC,<;eIs * 

736 Clll0rlde ^hclencj and clrculath 

^ rd t°ememia /'study’ “f a 4 n l" uscs of hj perpi 
Carotene in Blood y £L J case ' i ' 377 

Cates^H ^ Car ° tene 

prognosis subsequent' C! }' ment for cirrlios! 
Chest See Thorax 6 *° omentopexy, 1 

in en 707 d ne " born infants adrenal cort 

Choline^and 1 Choftae Ded° d lf h Cll0leStero1 
Cohn"" 1 allerg5 113 U 1 tUeS acetalcholl 

thj roldism ^iio and secont, 'irj hyperpar 
Communicable Diseases , 

adrenal cortex In InfecUouJ dlsc^e'/lOl * 


Conjunetlra UTcgts of \ltamln A depletion In 
xoung ndults 171 

(onlcy’s Anemia Ne c Anemia erythroblastic 
( upper and Iron In human blood 179 
( oproporpln rln See tinder I ring 
tramps night (ramps nnd quinine 777 
( rawford I II Antnrwn of heart 702 

( urrins I Heart In pulmonary embolism 
127 

Curtis f At 1 IRcl of massive doses of vi- 
tamin D on calcium and phosphorus me- 
tabolism obscnatlons on patients with 
atrophic spondylitis and with (Uguurntht 
irihrltls of spine 79 
f ushlng s “syndrome N et Pituitary Body 
Cysts “-I e under names of ori ans and regions 

Dark Adiptatlon See 1 yes sreommodatlon 
nnd rifrietlon 

Deafness him Micros and brittle boms re- 
port of aflllcted family ( 79 
Difhluiry Diseases “ng Beriberi Nutrition 
A Itamlns etc 
I)i nn red See Dolnntln 
Ihrmatltls Sec I c7cnn 
Diabetes MelHtus 9 tc also Blood «ugar 
adrenal eortex In 797 

HI ignosls note eomernlng long neglect of 
Aucnbrugger s "Jnventum novum ' 711 
T'let end DIctctles N f <_ Nutrition A Itamlns 
etc 

Digitalis aetlon on conduction In syndrome' of 
short l’R Interval and prolonged QRS com- 
plex, 2(16 
prep trntton* 777 
Dlsy esc Nee also Diagnosis 

adrenal eortex In systemic disease, morpho- 
Iogle study 702 

s'ornge nml slgnltlerme of tissue gheogen in 
health nnd in disease 219 
Diuresis nnd Diuretics 9 tc n iso Kidneys 
mercurial entireties 777 
Dolantln ellnleal elTectlycncss and safety of 
new synthetle analgesic drug demcrol 117 
De/immskl, B Ncrum eholesternl level In cor- 
onary arteriosclerosis 107 
Drugs allergy 129 

Inllucnec of posture drugs exercise nnd 
other factors on elcctrocardIe>grnm 719 
Duettn Arteriosus, patent 721 
Duodenum, Ulcers See Peptic Ulcer 
Dwarfism, 200 


Ecrcma, 127 * 

I lectroearellogram See under Heart 
Mils I, B A entrlcular tachycardia, analy- 
sis of t(> cases 177 
I mhollsm See nlso Thrombosis 
klnetles of respiration In experimental pul- 
monnry emboilsm 77G 
pulmonary heart In, 127 
I mpliysenm, spontaneous Interstitial emphy- 
sema of lung yy ltli mcellnstinnl retroperi- 
toneal nnd subcutaneous emphysema C70 
spontaneous mediastinal 236 
unusual sounds emanating from cliest cause 
nnd diagnostic significance of bubbling 
clicking, crunching knocking nnd tapping 
sounds ysltli report of 2 cases of interstitial 
cmphvstmn of lung and mediastinum, 410 
nrephnlopnthv Sec under Brain 
ndocardltls bacterial 723 
bacterial duo to organisms other than Mr 
yiridans 72G 

Streptococcus ylrlelans endocarditis i-a 
yerrueous, urinary sediment In visceral an- 
giitis (periarteritis nodosa lupus erythe- 
matosus Dlbman-Sacks "disease ) , quan- 
titative studies, 71 , ,, . , 

'ndoerlnc Glands, endocrine variations ot ae- 
lcigy 109 , ,, , 

nergv 1 xebange Sec Alctnbol hm 
ngllsh J P Hemorrhagic lesions of coronary 
arteries 794 . , . 

nlcrococcl See Bacteria enterococci 
pllcpsy , toxicity of pyridine In man, Jo 
Irf, I, A Clinical observations on osteo- 
petrosis and myelofibrosis 797 , 

erythroblastosis roetnlls, adrenal corte , 

nnd Icterus gravis neonatorum, S99 
morphology of erythrocytes in 1 -30 

'rythrocytes See nlso Anemia, Blood, cells, 

morphology in erythroblastosis foetnlls 230 
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Meigs's Syndrome See Ovaiy 
Meicurj , meicuiial diuretics, 735 
Metabolism See also Minerals, metabolism. 
Proteins, metabolism 

relation of anterior lobe of pituitary gland to 
287 

supernormal circulation in resting subjects 
(hyperkinemia) with study of relation of 
kinemic abnormalities to basal metabolic 
rate, 1 

Minerals, metabolism and e\penmental anemia 
889 

Mirsky, I A Blood flow in e\tiemities affected 
by anterioi poliomyelitis, 391 
Significance of gljcosuria 827 
Molds See Fungi 

Molofsky, L Action of digitalis on conduction 
in syndrome of short PB internal and pro- 
longed QRS complex, 200 
Morphea See Scleroderma 
Muipin, W P Profile printing in photo- 
micrography of blood cells, 814 
Myeloma, piimary and secondary hyperpara- 
thyroidism, G30 

Myocarditis, fibrosis of endocardium and myo- 
cardium with mural thrombosis, notes on 
its relation to isolated (Fiedler’s) myo- 
carditis and to beriberi heart, 602 
interstitial, due to sulfonamide compounds 
735 

isolated, 735 

Mjocardium See Heart, Myocarditis 


Nasal Sinuses See Sinuses, Nasal 
National Defense See War 
Negroes, sickle cell anenua in white lace with 
report of eases in 2 families, 1G4 
Nelson, N Significance of gljcosuria, 827 
Axoplasms See Tumors 

Nephrosis See Kidneys diseases 

Aervcs See also Nervous System 
splanchnic, effective renal blood flow, glomer- 
ular filtration rate and tubular excretory 
mass in arterial hypertension effect of 
supr (diaphragmatic splanchnicectomj with 
lower dorsal sj'mpatlietic ganglionectomy, 
357 


Nervous Sjstem See also Brain, Nerves, etc 
changes in pernicious anemia, 870 
excretion of coproporpliynn in hepatic dis- 
ease , urinary excretion of coproporpliynn 
in hepatic insufficiency during episodes 
characterised bj neurologic manifestations, 
62 


induced tlnamine (ntamin Bi) jleficiency in 
man , relation of depletion of thiamine to 
deielopment of biochemical defect and of 
polj neuropathy, 38 

Aesbitt, S Excretion of coproporphj 7 nn in 
hepatic disease , isolation and identification 
of urinary coproporphynn isomers, 483 
Excietion of coproporpliv nn in hepatic dis- 
ease , unnarj excretion of coproporpliynn 
in hepatic insufficiency during episodes 
characterized bj neurologic manifestations, 
02 


Newborn Infants See Infants, newboin 
Aiacin chemistry and physiology, 429 
Ahcotinic Acid See Aiacin 
Nose, streptococcic and pneumococcic infec- 
tions of nose and throat in young adults , 
incidence epidemiology and clinical fea- 
tures 443 


Anises and A T ursing streptococcic md pneu- 
mococcic infections of nose and throat in 
joung adults, incidence, epidenuologj and 
clinical features, 413 
Nutntion See also Food Vitamins, etc 
diseases of, review of certain recent con- 
tubutions, 422 

food and nutrition of industrial workers in 
wartime 423 

nutritional problems of armed forces, 422 


Obesity, concentration of caibon dioxide l 
n t-Mured air in heart disease, 329 
Occupations See Industry 

^ Sickle cell anemia in whit 

race with report of cases m 2 fannlie' 
11)4 

OmentHm DiKht CI " lI *R ,s and Quinine 555 

surgical treatment for cirrhosis 
t0 omentopexj, IS 

usteitis Iragilitas -Sec Bones fno-iiitt 
Osteogenesis Impeifecta See Bones g , 1 fragilit 


Osteopetrosis See Osteosclerosis fiagilis 

Osteosclerosis fiagilis, clinical observations on 
osteopetrosis and mjelofibrosis, 793 
Osteiberg, A E Serum concentration and 
renal clearance of potassium in severe renal 
insufficiency in man 675 
Ouer, R A Electrocardiographic changes 
with exercise, then lelation to age and 
other factors, 547 
Ovary See also Gonads 

association of hjdrotliorax with ovarian fib- 
roma (Meigs’s sjndrome), 370 
Oxygen See also Respiration 
deficiency, peripheral \ascular response to 
acute anoxia, 583 

Pam, clinical effectiveness and safety of new 
synthetic analgesic drug, demerol 345 
Palmer, W E Value of sodium chloride in 
prevention of alkalosis during “Sippj” 
treatment with calcium carbonate, 413 
Pantothenic Acid, 431 
Paralysis, Infantile See Poliomyelitis 
Parathyroid, primary and secondary hyperpara- 
thyroidism, 630 

Patch Tests See Anaphylaxis and Allergy 
Peet, M M Effectne renal blood flow 
glomerular filtration rate and tubular ex- 
cretory 7 mass in arterial hypertension, effect 
of supradiaphragmatic splanchnicectomj 
with lower dorsal sympathetic ganglionec- 
tomy, 357 

Peptic Ulcer angina pectoris and sjndrome of 
301 

value of sodium chloride in prevention of 
alkalosis during ‘Sippj” treatment with 
calcium carbonate, 415 

Percussion, note concerning long neglect of 
Auenbrugger’s Imentum nomra " 741 
Penartentis nodosa, unnaiy sediment in us- 
ceral angiitis (periartentis nodosa lupus 
erythematosus Eibman-Sacks “disease ’) , 
quantitathe studies, 54 
Pericarditis, chronic constrictive 737 
Pharynx, streptococcic and pneumococcic infec- 
tions of nose and tin oat in young adults 
incidence, epidemiology and clinical fei- 
tures 443 

Phosphorus and Phosphoius Compounds, effect 
of massiie doses of vitamin D on calcium 
and phosphorus metabolism, observations 
on patients with atrophic spondylitis and 
with degenerative aithntis of spine, 78 
Photography profile printing in photomicrog- 
raphy of blood cells, S14 
Photomicrography See Pliotogiapiiy 
Pituitary Body, anterior lobe of, 263 
Cushing’s syndrome, 285 
glow th hormone of anteiioi lobe 263 
lactogenic hoimone of anterior lobe 276 
miscellaneous faetois of antenor lobe, 286 
posterior lobe of 290 

relation of anterior lobe to metabolism, 287 
review of liteioture (1940-1941), 262 
Simmonds' disease, or pituitaiy cacliexia 
284 

Pituitary Preparations, 295 

adrenotropic hoimone of anterior lobe, 283 
antihormones, 294 

renal concentration test using solution of 
postenoi pituitary, 454 904 

thyrotropic hormone of anterior lobe, 279 
Plethysmography, blood flow in extremities af- 
fected by anterior poliomyelitis, 391 
Pnei mococci , streptococcic and pneumococcic 
infections of nose and throat in voung 
adults, incidence, epidemiology and clinical 
features 443 

Poisons and Poisoning See undei names of 
substances 

Poliomyelitis, blood flow in extremities affected 
by anterior poliomyelitis 391 
Pollen See also Hay Fevei 
chemistry of, 119 
survejs, 11 8 

Pollock, L J loxicitv of py inline in man 
93 

Porphyria See undei Urine 

Position See Posture 

Posture influence of posture drugs, exercise 
and other faetois on electrocardiogram, 
719 

Potassium, serum concentration and renal clear- 
ance of potassn m in severe renal insuffici- 
ency m man 675 
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Horn C D Studies on action of quinidine 
in rain, measurement of speed and duri- 
tion of effect following oral and Intra- 
muscular administration 4G0 
Hoyne R 51 Diseases of nutiltion, review 

of certain recent contnlnitions 122 
IIojos J 51 Normal e inliov oscular roent- 

gen silhouette studied bj me ins of roent- 
genogiams of chests of cadavers after 
opaque solutions had been injected into 

large vessels and chambers of heart GGG 
Hughes It Copper and i i on In human blood 
489 

Hydrothorax association with ovarian fibroma 
(5Ieigs s xyndiomc), 170 
Hypercholesteremia See ISlood cholesterol 
Hyperklnemia supernormal circulation in test- 
ing subjects (hyperklnemia) with studv of 
relation of Mncmic abnormalities to basal 
metabolic rate, 1 

Hyperparithvioidlsm See under rarathvrold 
Hjpertension feee Blood pressure high 
Hyperthyroidism See Thyroid, hyperthyroid- 
ism 

Hypertrophy See undei names of organs and 
legions 

Hyperuricemia See Blood uric acid 
Hypoglycemia See Blood sugar 
Hypogonadism See Gonads 
Hypophysis Sec rituitary Body 

Icterus See Tnundice 

Industry food and nutrition of liulilstri ll 
woikcrs in wartime 122 
Infantile Pu ilysis Sec Poliomyelitis 
Infants newborn, adrenal cortc\ In, 707 
Infarction Sec under Heart 
Infection See Bacteremia Septlcemli and 

under mines of bieteiin as Streptococci 
etc 

Infectious Diseases See Communicable Diseases 
Insulin See Diabetes 5Iellitus 
Internal Secietions See I ndocilnc Glands 
Iron and copper in Iiuman blood, 4S9 
Therapy Sec under Anemia 

Jaundice and yellow fever 9G9 

ery tliroblastosls foetahs and letcrus gravis 
neonatorum 899 

following vaccination for yellow fever, 9GJ 
infectious and toxic forms of 971 
Jonas, L Supernormal circulation in resting 
subjects (hyperklnemia) with study of 
relation of klnemlc abnormalities to basal 
metabolic rate 1 

Kagan B 51 Studies on clinic il significance 
of serum proteins relationship between al- 
bumin-globulin ratio, albumin globulin and 
total protein 197 

Katz L Is Kinetics of icspiiation in experi- 
mental pulmonary embolism 980 
Keith Is 51 Serum concentiation and renal 
clearance of potassium in severe renal 
insufficiency in man G75 
Kidneys, diseases primary and secondary hy- 
perparathyroidism G80 
effective renal blood flow glomerular filtra- 
tion rate and tubular excretory mass in 
aiteiial hypertension effect of supri- 
diaphragmatic splanclinicectomy with lovvei 
dorsal sympathetic ganglionectomy , 397 

renal concentration test using solution of 

posterior pituitary 454 904 

role in arterial hypertension in man 728 
serum concentration and lenal clearance of 

potassium in severe renal insufficiency in 
man G75 

significance of glycosuria, 827 
toxicity of pyiidine in man, 93 
King H E Serum concentration and renal 
clearance of potassium in seveie renal 
insufficiency in man 679 
Kirby, W 51 51 Enterococcic infections 

evaluation of importance of fecal strepto 
cocci and related organisms in causation 

of human disease 51G 
Streptococcic bacteremia cured with sulfa- 
diazine report of case of infection caused 
by hemolytic stieptococci of Lancefleld 
group C with review of literature and pre- 
sentation of immunologic data G20 
Kirshbaum, J D Leukemia , clinical and path- 
ologic study of 123 fatal cases in series 
of 14,400 neciopsies 777 


Ivlrsncr, IB 5 line of sodium chloiidc in 

prevention of alkalosis during ' Mppv 
treatment with ealcium caibnnntc 119 
Klassen IC B 1 fleet or massive doses of 

vitamin 1) on calc him and phosphorus me 
tabollsm , observ ltlons on patients with 
atrophle spondylitis and with degenerative 
aithrltls of spine, 7S 

Krupp, 51 A Ijrlnnry sediment in visceral 

angiitis (periarteritis nodos i, lupus ery- 
thematosus Jdbmnn-Snths "dlscisc ) 

quantitative studies 91 

Lactation lactogenic hormone of antirlor lobe 
of pituitary 27G 

Lnlpplv T C Chronic gistrltls slmul it!n„ 

gastiic eircinoma, report of 9 cises 2! 
Lindt II I’erlplieril vasculir response to 
neute anoxln, 9S3 

larvnx, streptococcic and pncumococclc infec- 
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Lupus erythematosus urinary sediment in 
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Syphilis See also under names of organs and 
regions 

enceplialopatliv following mapharsen therapy , 
pathologic report with unusual findings, 836 

Tachycardia See Heart, rate 
Teitelman, S L Incidence and causes of 
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chemical and physiologic properties, 426 
chloride deficiency and circulation, 736 
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man, relation of depletion of thiamine to 
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polj neuropathy, 38 
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hemorrhagic lesions of coronary arteries, 594 
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D, 434 

D , effect of massive doses on calcium and 
phosphorus metabolism , observations on 
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metabolism of proteins and fats, 2S4 
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Riseman, J L F Studies on action or 
quinidlne In man, measurement of speed 
and duration of effect following oral and 
Intramuscular administration, 4G0 
Robtits L J Effects of vitamin A depletion 
in young adults 474 

Roentgenology See under Cardiovascular Sys- 
tem, etc 

Rosenthal, N Clinical observations on osteo- 
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In Blood Seo Blood, sugai 

in Urine See Urine sugar 

Sulfadiazine Sec Streptococci 
Sulfanilamide and Sulfanilamide Derivatives 
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Your patients may have a preference for 
either Red Label or Blue Label karo 
If their grocers are temporarily out of 
tneir favorite flavor, you may assure 
them that flavor is the only difference 
between these two types of karo for 
infant feeding 

Each contains practically the same 
amount of dextrins, maltose and dex- 
trose so effective for milk modification 



How much KARO for Infant Formulas 3 

The amount of KARO prescribed is 6 to 8°o of 
the total quantity of milk used m the formula- 
one ounce of KARO in the newborn s formula is 
gradually increased-to two ounces at six months 

CORN PRODUCTS REFINING CO 
17 Battery Place • New York, N Y 
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IN PEPTIC ULCER THERAPY 
AND MANAGEMENT 

STANDARD PER 100 GRAMS 

Aluminum Hydroxide, 4G Gm cnlculnied 

(equlxnlent to 8 0% Aluminum Oxide) 

Sodium Chloride, not oxer 58 

Sncclmrinc U S P nnd Oil of Peppermint 
USP added for floxorlng 

COMBINING POWER 

1750 cc tenth normal hydrochloric ocfd 
per 100 Grams 

AS AN ANTACID 

One or two tcnspoonfuls is an nxernge adult 
dose 

PALATABLE 

Samples and Literature on Request 
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9213 Wade Park Avenue 
Cleveland, Ohio 


SITUATION WANTED! 

Doctor' Haven’t you place in your office 
for an attractive, valuable assistant a 
helper every physician needs 7 Thorough 
ly grounded in scientific medicine, so can 
intelligently guide and inform your pa 
tients on public health, personal hygiene, 
other everyday health problems Th at 
means better cooperation and understand 
mg for you from the layman' Years of 
reception room experieg^e and highly 
recommended for yot$r office by your 
American Medical Assoc tion Will come 
in on 6 months’ trial basis for >-t 
Send today for 
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